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oleracelaant-lares 
Om talis 


hew, improved 
electronic 


multiplier? 


| yen in a neat nutshell—is what you get in the 
new, improved GEDA N3A and N3B elec- 

tronic multipliers; here is unrivaled performance, 

precision-engineered by Goodyear Aircraft: 

% Guaranteed accuracy over ENTIRE range 

throughout ALL FOUR quadrants. 

*% Maintains specified accuracy FOR 30 DAYS 

WITHOUT RECALIBRATION—and it features a 

new, rapid, simple calibration procedure. 

% New, convenient switching for choice of 

internal or external reference signals. 

%& AUTOMATIC STABILIZATION of ENTIRE 

MULTIPLIER against drift and changes in tube 

characteristics. 

*% New, precision components insure high 

reliability. Plug-in, sub-chassis construction 

for easiest maintenance. 

% AUTOMATIC INDICATION TO OPERATOR 

of excessive input signals or any malfunction 

of multiplier. 


- ANALOG COMPUTERS.- - best way to give your hunch a chance! 


*% AUTOMATIC INDICATION TO MAINTE 
NANCE TECHNICIAN of individual circuit 
malfunction. 


A Goodyear Engineering Report, GER-4952, is 
available which describes the principle of opera 
tion of the GEDA electronic multiplier. To obtain 
your copy and a complete description of the GEDA 
line, address your inquiry to: Goodyear Aircraft 
Corporation, Department 931G N, Akron 15, Ohio 
* * * 
PS. We are proud to announce the latest addition 
to the famed GEDA line—the new dual-channel 
stabilized noise generator. Of particular value in 
operational research, precision control and propa 
gation problems, this new unit is one of the 13 
versatile analog computing elements that make 
GEDA the most advanced, most flexible electronic 


differential analyzer available today 


GEDA-—T_M Goodyear Atreraft Corporst 


GOODZYEAR AIRCRAFT 





UNIVAC: “You’re trying to divide by zero” 


Ascientist, testing a formula on Univac® 
recently, was amazed to see the com- 
puting system stop, then automatically 
type the reproof: “You're trying to di- 
vide by zero.” A quick check proved 
that Univac, as always, was right. 

This graphic demonstration points 
out just one of many Remington Rand 
refinements in the art of computer pro- 
gramming and operation. For Univac 
has been trained to spot human errors. 
It can now carry out commands given 
in simple business English. It can even 
manufacture automatically its own pro- 


gram of instructions - at electronic 
speeds, with unequalled accuracy. 
These skills have been developed 
through Univac’s unique experience in 
electronic data-processing. Because, 
with every Univac delivered goes 10 
years’ experience in electronic comput- 
ing ...5 years’ experience in the com- 
mercial type of data-processing. This 
wealth of background in programming 
and operation is unobtainable elsewhere. 
The unprecedented savings of Univac 
data-processing have been proved by 
solving actual customer problems—not 


by working out theoretical solutions 
with non-existent computers. When you 
install Univac, you're sure to get under 
way faster, surer, and more economi- 


cally because the System has already 
handled similar work 

Univac is now at work in leading 
Organizations throughout the country. 
And, in today’s competitive market, the 
company which cuts its overhead first 
comes out on top. So don’t wait until 
1957... 1958... or 1959 to cash in on 
the tremendous savings available to you 


now with the Univac System 


Remington Bland Qlnivac. 


DIVISION OF SPERRY RAND CORPO JN 


CONTROL ENGINEERING 





CONE —i0 


ENGINEERING 


INSTRUMENTATION AND ALIT¢ MAT 


FEATURE ARTICLES Nonlinearity in Control Systems: 


An Informal Appraisal 
The Basic Principles Thomas M 


Build a Dynamic Root-Locus Plotter lohn E.. Gibson 


How to Determine Impedance Components Graphically 
K. Burian and S. McMaster 


A Functional Analysis of Automatic Logging Systems 
D.C. McDonald, D. S. Schover, A. B. Simmons 


THE DIGITAL SERIES Applied—No. 3 Comparing Large-Scale Calculators 
J. W. Carr and A. J. Perlis 


Basic—No. 5 Practical Circuits for Digital Gating 
Norman R. Scott 


IDEAS AT WORK Max-Min Detector Digests Data for Recorder R. J. Horak 
Here’s A Low-Budget Analog Simulator John Macduff 
Wool Web Variations Controlled Automatically 


DEPARTMENTS Control Personality — William A. Wildhack 


Industry's Pulse — How Well is Power Controlled 

Editorial — Don’t Ignore a Simple Lesson 

Shoptalk 4 Bulletins and Catalog 
l’cedback 6 \bstract 
What's New 18 Book 
New Products 108 Meetin \head 





WILLIAM E. VANNAIH Editor 


LLOYD FE. SLATER Managing Edit ROBERT W. OBENOUR 
GEORGE S$. BAIRD JR 
W. FF. BUEHI 

JOHN ¢ MITCHELL! 
JOHN GC, ZISCH 
STOKES T. HENRY 
JAMES H. CASH 

I. H. CARMODY 
JACK GORDON Art Director GORDON L,. JONES 


BYRON K. LEDCERWOOD Associate Edito 
EDWARD J. KOMPASS Assistant Edito 
RAYMOND N, AUGER Assistant Editor 
HARRY R. KARP Assistant Editor 
WARREN KAYES Copy Editor 
FLORENCE BAXLEY Editorial Assistant 


DEXTER M. KEEZEI Nir. Economics Dept 

G. B. BRYANT, JR.) ishington Bureau 

JOHN WILHELM itor rid News W. W. GAREY 
HAROLD HOOD os Angel R. M. H, BER( 


W. C, CARMICHAHEI 
Cor ting Edit 


GORDON 8S, BROWN Cambridge, Mass 
EUGENE M. CRABBI Los Angeles, Calif 


ADVERTISING INDEX 
MARION V, LONG Emeryville, Cali 
KEITH HENNEY New York, N. Y PRINT ORDER THIS ISSUE 





SYA 
Gadgal 


LB leliii+ Me lela ¢@imn ie is 
AT SACRAMENTO 


is dedicated to 
the advancement 
of rocket 
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OF SUPERIOR 
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MODEL P1146 
PRESSURE TRANGOUCER 
RANGES; 0.100 TO 


0.5,000 PBIG 


Model P146 Pressure Transducers 
employing the Statham biradial un- 
bonded strain gage were selected 
for use at this new facility because 
of their high accuracy, interchange- 
ability and capacity to perform dur- 
ing the grueling tests required in the 
development of rocket engines. 


Please request Bulletin No. P146 


- LABORATORIES 
' GAMIFORNI AL 


CONTROL ENGINEERING 


| 


| SHOPTALK 


COVER DYNAMICS 


We suspect that designing a magazine cover involv th 
basics of nonlinear control dynamics. (A primer on non 
lincar basics starts on page 55.) ‘The artist oscillates bet 
layouts. Tle hunts for a color. tle often hits a dead zo 
in conferences with editors. And sometimes his describin; 
function overshoots an editor's credulity. So you see that 
displaying a nonlinear compensator on this month's cove 
wds not a whim. For this mechanism, invented by Henri 
Georges Doll (see Control Personality, December 1955 
symbolizes just what we strive for each month: technical 
artistic harmony in presentation he round disc between 
‘Scop and photocell pickups is a transparent screen that 
describe S theoretical rudder positions Oll a hi 1hiig by mb 
lach color shade is a screen mesh calculated to a 1 
linear function—angular deviation from course and its rat 
of change. Hence gyro position signals passing through 
this solver are modified in intensity to establish a true dire: 
tional control signal. Mr. Doll's famous patent, No 
2 463,362, dated March 1, 1949, would be worth review 


ing by interested engineers 


VANISHING VANNAH 


Shortly before this issue got under way, Chiet Editor 
Bill Vannah wisely vanished down into the hills for hi 
annual tour of control in the up-and-coming Southieas' 
Four anxious youngsters brought Bill back north thre 
weeks later for another annual chor playing Santa. Other 
wise we might still be minus a much-needed E:ditor—and 
his gusty news story on the mills, reactors, and windtunnels 
of ‘Tullahoma, ‘Tenn. (see page 18, What's New). Bill 
reports that the bustling control activity at the Air Force's 
Arnold Engineering Center is typical of the region. Te 
found a growing roster of control engineers and control 
projects at Oak Ridge and in textile mills, institutes, plants 
of at least a dozen control manufacturers and industrial 
users, and in five universities in the area. You'll see evi 


dence of Bill's trip in issues to come 


CONTROL VIGNETTES 


Do you like the little sketches that decorate cach month's 
Industry's Pulse? It so, thank “Doug”. Doug is a free lance 
New York illustrator whose clean, sprightly, often whim 
sical, sometimes satirical vignettes have graced Sunday 
New York Times and at least 25 books. Recently his 
own book, How to Be an Illustrator, was published. WW: 


hope he'll continue to find our subjects inspirin 





A new and better 
variable-phase, single-turn 
precision potentiometer 


CLAROSTAT 


N/V 


VARI /PHASE” 
NAN 


Pat. Pend 


EQUAL TORQUE AND TRACKING 
IN BOTH DIRECTIONS 


Unique contact design permits microm 
eter tension adjustment at factory 
and assures equal torque and track 
ing in either direction at all times 


NO CLAMPING RINGS 


Simplified phasing—External in 

dependent phasing of each cup 

without effecting the relationship 

of the others.—To phase, loosen 

clamping nut, move terminal 

board in desired direction, tight . 

en clamping nut and it's done STANDARD A.LA. MOUNTING 
Speedy phasing saves time and ‘ Mounting per A.1.A.* standards—others 
money. Reduced overall diameter available. Meets or exceeds electrical 
by elimination of clamping rings and mechanical A.\.A. requirements 


Materials selected for lightest weight possible. Design assures highest performance 
Five sizes available—7/8", 1-1/16", 1-5/8",2° and 3 


diameters 


Another CLAROSTAT first. a product of advanced imagineering. 


WRITE FOR 
COMPLETE ELECTRICAL 
AND MECHANICAL CLAROSTAT MFG. CO., INC. 
SPECIFICATIONS. DOVER, NEW HAMPSHIRE 


in Coneda: Condian Marconi Co., Lid., Toront« 
Manutactured under license in Great Brit 
A. 6. Metal Products Lid., 17 Stratior 


Concessionoires for British Commo 


‘wea 





BARBER ultta- . 
mem sensitive 
relays 


chosen to assure 
fine focusing of ATF 


Mastercraft Camera 


’ 

‘| he new Mastercraft camera 
of American Type Founders, Eliza- 
beth, New Jersey, embodies many 
new, advanced automatic operating 
principles. A major one of these is 
the precision focusing feature which 
lets the operator “dial in” the exact 
enlargement or reduction desired. In 
this focusing circuit a Barber-Col- 
man Micropositioner is used, In your 
products, too, there is very likely a 
place where you can make good use 
of this remarkable ultra-sensitive re- 
lay. Various types...plug in,solder-lug, 
screw terminal, hermetically sealed 
Operate on input powers of 50 to 
1,000 microwatts. Ideal for use as a 
null detector in resistance bridge cir 
cuits, a differential relay in electronic 
plate circuits, and an amplifier in 
photoelectric circuits, Can be oper- 
ated in excess of 100 cps. Write for 


Bulletin F-3961-4 


Barber -Colman Company, 
Dept. B, 1448 Rock Street, Rockford, Iilinois 
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THE PROBLEM FORUM 
Ni 


Correspondents in the Problem 
Forum are not hibernating during 
these winter months. They still 
promptly respond to problems, 
whether the problems call on 
mathematical analysis or years 
of practice. This month we have 
a generalized solution to Decem- 
ber’s problem. 

We will continue to search for 
problems interesting to our in- 
dustry-wide readership and for 
creative solutions. 
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Detection of phase difference 
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Count your fail-safes as blessings 


lo rue Eprror 

It ippeal that with the accelerated 
growth of electronic controls and au 
tomation a factor essential to thei 
continued growth has been neglected 
or at least not emphasized. ‘This fa 
tor is the fail-safe characteristu 
which should be considered at the 
design stage, of controls whose un 
ife failure would produce a hazard 
ous or uneconomic condition Such 
undesirable characteristi re prey 
lent in controls toda 

Cor approach towards focusing at 
tention on such defects would be to 
indicate the number of possible un 
safe failure in each control circuit 
published In any event, it would 
eem that a subject so vital to the 
control industry should receive i 
greater degree of prominencc 

William G. Rowell 
Melrose, Mass 


Much more about this in the March 
issue. Kd 


Inner loop editorial feedback 


lo tHe kprror 
[he timing of the twin ser on 
ligital te hnique ind practice is just 
right—CoNntTROL ENGINEERING 15 rid 
ing the crest of the digital wave that 
i weeping through business and in 
dustrv. The average engineer does not 
have good material ivailable on the 
ubject of digital te hnique Lhe sub 
ject matter also meets the test of cut 
ting act ill branches of engineering 
Many engineers fee] that they ar 
heing left behind by the trend toward 
ligital technique Ihey- want t 
know more about them and Con 
rROL E.NGINEERING is the place for 
them to learn. The high percentage 
of digital device overed in the maga 
zine under What's New, Ideas at 
Work, and New Products indicate 
the digital pressure When technique 
of this importance. come along, the 
magazine must devote space for them 
\ half-way job would be inadequate 
| M Gs! ibbe 
Consulting Editor 
Lo Ange le ( il 


Setting the record straight 
1. For chemical engineers 
lo tue Eprror 
On page 20 of your December 
1955 issue appear two news article 
British Chemists and Control and 
American Chemist mid = Control 
The irt refer to attit f tl 


British Institution of Chem | Es 


in electronic control... 
the electro-hydraulic 
FINAL CONTROL element 


new ASKANIA 
ELECTRO-HYDRAULIC VALVE ACTUATOR 
IS CONTINUOUS-ACTING, DEPENDABLE 


@ Here’s a new valve actuator which makes 
remote electrical operation of the final control 
element a reality for the first time. Adaptable to 
practically all electronic controllers, it produces 
an accurate, dependable heavy duty action 
capable of delivering a 600 Ib. thrust to slide 
stem valves up to 8 inch size. Relays and posi- 
tioners are eliminated because the actuator 
connects directly to the controller. 


SIMPLE OPERATION... 
EASY MAINTENANCE 


@ Operation of the Askania "EHVA" is 
automatic. Maintenance is less because there 
are no compressors, dehumidifiers, filters or 
piping to create trouble. 

Trouble sources are greatly minimized. 
failures seldom encountered...easy to locate 
and rectify. 


ELIMINATES WEATHER FACTOR 


@ Electrical operation means no inconvenience or failure from 
condensation or freezing. Trouble free operation under any conditions.. 
indoors or out, winter or summer...is assured—all the way to the final 
control element with Askania’s Electro-Hydraulic Valve Actuator 


Check These Facts: Permits all Electric Control Throughout the System e 
Weatherproof Performance e Simple to Install—and Operate « Con- 
tinuously responsive to small signal changes « Accurate Valve Positioning 
Assured by Force Balance Principle. 


FEATURES: Valve Stem Speed. . .0.5 in/sec Valve Stem Thrust. . .600 Ibs 
Valve Stem Stroke.... ; Y, to 2 inches 


Input Coil Resistance............ 3,000-18,000 ohms 
Input Signal. cocccccccccs MPDTOK. 15 milliwatts dc 


Write for Bulletin No. 200 for complete information on how 
“EHVA" control might be adapted to your contro! system. 


CONTROLS FOR INDUSTRY 


ASKANIA recutaror company 


266 East Ontario Street, Chicago, Illinois 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 
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mechanical instruments, Giannini systems have been Soa 
chosen for applications requiring extreme reliability ve lidat the BS 
and accuracy. Write us concerning your data han- 
dling problems — Literature available upon request. 


h the { 


istered vit 


DATE X oivision 





REGIONAL GALES OFFICES Empire State Bioc., New Yorw 1 


8 So. MICHIGAN Ave, Citicaco, Itt No Bul still on target 
1307 So. MYRTLe Ave Monrovia, Cauir. « El t ) Ss] 


l.witol 
G.M. GIANNINI & CO.,INC.* PASADENA 1, 


CALIFORNIA L) 


ONTRO. tNGINEERING 








RE GUL AT OR 
ADQUARTERS, 


Here are two more reasons why engineers looking for better ways 
to regulate temperatures . . . look first to Fulton Syiphon. These 
two new Mixers combine the most modern design with the time- 
tested Syiphon Bellows principle of control. Both types provide 
close, accurate control with an automatic shut-off safety feature. 
Quick, easy installation involves only pipe connections. Use the 
convenient coupon for detailed descriptions of these new Mixers. 


HOT-COLD WATER MIXER—ne 1350 Series STEAM-WATER MIXER—we. 1360 Series 


Mixes hot and cold water Mixes steam with water 
to desired temperatures. to provide tempered 
Unaffected by variations ‘ ’ “a water at low cost. Steam 
in water pressure. Pro- } +) is injected directly into 
vides an accurate con- . the water, utilizing every 
trolled source of tempered BTI f heat energy 
water for industrial, / ; Water heated as used; 
chemical and food process steam is consumed only 
requirements, as well as when water is drawn 
wash basins, gang showers : Ideal for industrial, chem 
and similar installations ical and f 1 proce 
ing systems using steam 





FULTON SYLPHON DIVISION 
Knoxville 1, Tennessee Cw. | an 
Please send descriptive literature on: 

{] 1350 Series Hot-Cold Water Mixer 
(_} 1360 Series Steam-Woter Mixer 


Kolertshow Fulton fae 
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Partlow has simplified 


aSesbok-Sackaea-M en saa a:) 








SEND FOR PARTLOW CONDENSED 
CATALOG CC. See the complete line of 
Partlow Temperature Controls for gas, liq- 
vids and solids in -30°F, to 1200°F. ranges. 
Precise . . . sensitive . . . and simplified to 
cut your costs. Basic advantages... 


1, DIRECT-ACTING . . . mercury actuated, 


Sensitive — never temperamental. 


. INTERCHANGEABLE ELEMENTS — for 
quick, easy field replacement. MODEL BSS 
Indi ing Temperatu 
, ACCURATE CALIBRATION — conserva- pecs Ab may pe ei 
tively, within 1% of scale range. heating or cooling. Two 
complete control cir. 
, , : its. Ext | adjust- 
. LONG LIFE — thick-walled capillaries cble differential. 
. seamless tubing. 


. LOW INITIAL COST. . . low upkeep — 
few moving parts——no need for com- 
pensators. 


WRITE FOR CONDENSED CATALOG 


artlow 


reury thermal controls 7 
Offices in All Principal Cities 
THE PARTLOW CORPORATION © NEW HARTFORD, NEW YORK 
Export Office: Ad Auriema, 89 Broad $t., New York 
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The lethal press 


lo uk kprror 

I wish to expr m mpliment 
to Mr. Chark LD. Close ind CON 
rROL E.NGINEERING fo 
irticle, Valve Actuators 
to Power, in your Se] 
issu 

Ihe article, with admirabl 
gives the most comprehensive exposi 
tion of fundamental concepts, classi 
fication, and dynamics of power valve 
actuators which the writer has had 
the privelege to read so far 

This should deal a death blow to 
irrational, ambiguous, and even out 
right illiterate classifications and ter- 
minology still in evidence 

It is hoped that the process con 
trol industries and the standardiza 
tion bodies of technical and industrial 
societies will show enthusiastic sup 
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GENERAL PURPOSE DIGITAL COMPUTER 


FOR ENGINEERING AND SCIENTIFIC COMPUTATION 


op 


é 


IN COMPUr T] 


Multiplies in 16.7 
milliseconds 
Divides in 16.7 2% tee ia - 
‘ p he modest first cost results 
millisecond ; T - ‘ 
Adds in 054 * 4 from the advanced design of 
f a y Be Bendix Aviation Corporation 
millisecon Paget. 
inclodieg reading 5s | ) ee engineers. Low maintenance is 
of command : : ip eo assured through conservative 
, at use of all electronic cornponents 


L 
IN Comp, SAGER 


2176 word memory 
As many as 1,200,000 
additional words can 
be stored in auxiliary 


magnetic tape units ad at 


ABLE 


ae 


Approximately equiva- 
lent in size to 2 
standard 4-drawer 
filing cabinets. 
Standard 115V 60 
cycle current is used 


MAIL THE COUPON OR WRITE 
FOR COMPLETE INFORMATION 


BENDIX COMPUTER DIVISION, Bendix Aviation Corporation 
5630 ARBOR VITAE STREET, LOS ANGELES 45, CALIF 


Please send information and prices on your G-15A Computers 
NAME TITLE 


COMPANY ADORESS 


THE BENDIX G-15A WILL BE EXHIBITED IN TULSA AND HOUSTON DURING FEBRUARY. FOR 


AN INVITATION PLEASE WRITE THE SALES DEPARTMENT 
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THE NEW MODEL 3 


AUTOGRAF 


trade mark 
The Model 3 AutoGRAF X-Y Recorder incorporates the proven features 


of the Model 2 in a compact instrument, ideal for use with standard 
8%" x 11” graph paper. Rugged, accurate, fast, and stable, the Model 
3 provides facilities for curve drawing and curve following with full 
visibility of the recording while in operation. 


@ Ranges: 5 mv up to 500 volts, full scale © 200,000 ohms/volt input resistance 
@ Independent, isolated inputs, free of ground eZero set and one full scale length 
e@Speeds: Up to % second. full scale zero offset, both axes 

@ Resolution 0.1%; accuracy and resolution 0.25%. @Liquid ink or ball point pens 


MODEL 2 | 


MODEL 3 


The addition of the Model 3 to the Moseley AuTOGRAF line gives you 
three X-Y recorders to choose from 


MODEL |! MODEL 2 MODEL 3 
Drum type Flat-bed Desk Type 
84%" x 11” paper 11” x 16%" paper 8%" x 11” paper 
X-Y¥ Recorder X-Y Recorder X-Y Recorder 
Curve Follower Curve Follower Curve Follower 
Point Plotter 


More than 1000 AuToGRAFs are in use in laboratories, univer- 
sities, and industrial plants throughout the U.S. and overseas. 


MOSELEY Bulletins describing these instru.nents 
, co are available and we'll be glad 
to send them to you. 


OnNTER#O! FNOINEFR ING 


FEEDBACK 


port b prompt idopt 

ion of this classical 

classification of power 

their national standard 

Mr. Close’s classificat 

cral agreement with the ¢ 

iid Terminology of Powe 

Valves idopted Octob« 

the Fluid Controls Institut 
Nikolai Be 
Chief Engin 
Kliptel Valve 
Hamilton, Oh 


Readers may wish to write Fluid Con 
trols Institute, Inc., Office of the 
Secretary, P. O. Box 191, Decatur, 
Ill. for copies of Classification and 
Ferminology of Power Actuated 
Valves. Ed 


Control in U.S.S.R 


lo ne Eprror 
l'ranslations of artich 
various Russian technical 
the field of control cngine 
iailable through me. | h 
translated articles with a | 
f each. I am told that 
ultants Bureau, In 
42nd St., New York Cit 
ivailabl omplete t 
Avtomatika i Telemekhan 
early subscription rat 
1 number of articles in 
the above magazine hia 
lated and are available fr 
of Scientific and Indust 
n London, England 
Morris D. | 
Iwo Pine St 
West Cor 


Hear, hear 


lo tHe Kprror 

Do not be misled into 
that emphasis on electron | 
doom of pneumatic and hyd: 
tems, for nothing could 
from the truth in our opin 
papel industry, which 
fourth in process instrument | 


the pneumatic and hyd 


have a definite suitabilit 
be difficult for electroni 
equal, even though electroni 
widely used and justified 
industry 
R. B. I 
\Vlarath 
\Vfler 1 ha 





SPECIFICATIONS 
MODEL 120 


Operating Pressure 200 to 3000 
PEGASUS Servo Valves Moximum Flow Bate (1000 px. 5 9pm 
Port Size B° 
,- ° | li ° Internal Leakage (1000 psi) .5 in sec 
for industrial applications saan Aga 
Time Constant 1 ms 
Dimensions razr ae 
Pegasus offers industry a line of high performance, 
electro-hydraulic servo valves designed specifically for MODEL 140 


industrial applications. They are compact rugged and Operating Pressure 200 to 3000 


reliable, engineered throughout for heavy duty industrial Maximum Flow Rate (1000 psi) 10 gpm 
service Port Size "" 


Shown above i a typi il ervo valve sche matic, Internal Leakage ) psi) .B in. 7 sec 
?] 


featuring a balanced flapper boost stage for maximum Input Current + 40 ma 
reliability, frequency response and pressure and tem Time Constant 1.75 ms 
perature stability Dimensions 2° 22%" « 6° 

These valves are actuated by the Pegasus Model 109 
Force Motor. which is hermetically sealed, and transmits 


motion through balanced bellows. The force motor is Operating Pressure 200 to 1000 


MODEL 160 


available for either vacuum tube or magnetic amplific 1 Maximum Flow Rate (1000 psi) 20 gpm 
applic ation Port Size Yq 
. 


oun . Internal Leakage {1000 si) Li sec 
rypical industrial applications are: 360 degree con ‘ ' —s id ” 


Input Current 40 ma 

tour tracing machines, torquing and load control fixtures, P 
Time Constant 27.5 ms 
damper testers, chemical valve and variable delivery ‘ _ 
Dimensions yas age 


pump actuators, and wherever difficult problems exist in 
the ontrol ot position veloc ity and lo id @ More detailed specifications 


on request 


EGASUS LABORATORIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 
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DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


Medel 117-C Model 1272-1270-8 Model 124-140 Model 109-F Medel 123.170-8 Medel 106-0 
Transmitter Amplifier Rotary Actyvator Linear Actvotor Force Motor Linear Actuator Servo Amplifier 


‘eeeRuaer 





. 


Five Plants 

tron Mountain, Michigan 
Glendale, California 
Burbank, California 
Skokie, Hlinois 

Guelph, Canada 
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CONTROL 
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simple, positive, two-wire control for 
a wide range of valve applications 


Yes, General Controls gives you the answer! 
Fast-acting — because electrical operation assures 
instant response! Trouble-free — because they 
are electro- hydraulic, with no gear-train problems! 
Safe —because the motor mechanism is in a sealed 
ere unit! Sure—because their wide range of valve 
izes, materials, and opening-closing speeds will 
Paive "Vad the perfect solution to your fluid transfer 





VALVE TYPES 

BODY SIZES 
OPERATING PRESSURES 
BODY STYLES 


BODY MATERIALS 
INTERNAL TRIM 


INNER VALVE TYPES 


OPERATOR SIZES 


OPERATING SPEEDS 
ELECTRICAL 


SERVICE 


ACCESSORIES 








Normatly Open and Normally Closed Shut-Off Control 
3/8’ to 8° ips 
Up to 6000 ps: 


Globe, Slide Tube, Side Gate or Saunders, Single or Double 
Bonneted, Screwed of Fianged Connections 


Cast Iron, Bronze, Cast Carbon Steel, Stainiess Stee! 


Bronze, Stainiess Steel, Chrome Stainiess Teflon and High 
Temperature Glands 


Quick Opening, Low Lift V-Port, Equal Percentage 100% Drop 
V-Port, Linear Flow 100% Drop; Port Guided or Stem Guided 


H-1, 4-2, 4-3 and H-5 each with 3 Power Ratings of 60, 8 and 
180 VA 


Variable Opening and Closing Speeds from 4 to 16) Seconds 


2-Wire Control, Fail-Sate on Current interruption, 24, 115, 720 


and 460 Volts, 90/60 Cycle AC 

For Water, Steam, Oil, Gas-—-All Types of Liquids and Gases 
Inctuding Corrosive Chemicals, High Temperatures and Pressures 
Weather Proof and Explosion Proof Housings, Dust Shields 
Lumit Switches, Hesters, Manual Operation 


GENERAL CONTROLS 


UNITEO STATES ANO CANADA 


FORTY BRANCH OFFICES SERVING THE 


Perarex CONTROLS AND GENERAL CONTROLS 


ENGINEERING 
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CONTROL 
PERSONALITY 


BILL VVILDHACK 


If vou have an unappres iated gadeet, take a trip to 
Washington, D. C. and see Bill Wildhack. Don't 
let the staid dignity of his office at the venerable 
National Bureau of Standards stop you. Plop your 
brainchild on the desk of the tall, quiet-spoken man 


and if there’s anything to it Bill will see it, grin over 


it—maybe even put it to work 

William A. Wildhack has had a rich career recog 
nizing, improving on, and exploiting the unusual 
Now Chief of NBS’s Office of Basic Instrumenta 
tion, Bill, when pinned down, says he “specializes in 
getting down to fundamentals in measurement and 
control But some of his past projects will con 
vince you that Wildhack specializes in practically 
everything: he has designed oxygen masks and corru 
gated diaphragms; written on stellar energy, para 
chuting, and fluid flow; used gravity in dynami 
analysis. And today he is concerned with how infor 
mation from a satellite will be collected on earth 

In 1908 the population of Frisco, Colorado grew 
from 50 to 51 and the nearby Leadville paper an 
nounced a new son in the Wildhack family. Over the 
next 24 vears young Bill built his muscles on the ski 
slopes of the Continental Divide (“No tows,” he 
says) and by working his way through Colorado Uni 
versity to an EF and Masters in physics in 1932 
After three rather hungry years of graduate work and 
college teaching, he took a Civil Service examination 
ind landed under the wing of Dr. W. G. Brom 
bacher, head of the Acronautical Instrument Section 
it NBS. “It was a temporary assignment,” says Bill 
wryly, “but there’s nothing so permanent.” 


Data reduction—the hard way 


An carly project for engineer-physicist Wildhach 
involved computing the record altitude measure 
ments taken aboard National Geographic's balloon 
l:xplorer IT. He calls this stint “data reduction—the 
hard way.” During the war he veered into high alti 
trick prot tive device ind developed 1 controlled 
ilve oxygen mask that has helped many an airman 
breathe easy, In '48 Bill went over to the missile 


group to head up its section on instrumentation. But 


when the “bird” project moved west, he stayed on 
to return to hi prim interest—basic research 

As far back as 1937, Wildhack and Brombacher 
tarted agitating for more emphasis by the Bureai 
on the science of measurement. Industry, they felt 
vas too frequently coming up with better measuring 
methods than the Bureau's! “We believed the Bureau 





Specializes in everything 
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Bill calls the gymnastic action of this top-like gadget a “gyro 
flip-flop”, feels it may have some value in measurement. 










hould lead,” says Ball. In 1950 he got his wish. ‘The 
Bureau set up a new Othce of Basic Iastrumentation 
with Bill as Chief, to evaluate and apply new 
physical principles in measurement and control 
lin the past five year the Office has alread crupted 
uch diverse object ! 1 Sor howmetes 1 norse 


thermometer 1 microwave refractometer, A recen 


hicvement, mitiated by Wildhack wa i theo 
retical calculation of corrugated diaphragm perform 
Te vlich was run on the B is cieital com 


puter, SI \C It checked vith experimental results! 
In the evening Bill Wildhack leaves the “campus 
his fond name for the NBS plant—and drives to 
the Arlington County, Virginia home that he shar 
with his wife, Martha—also a community leader 
ind two teenage sons. He likes to plan new innova 
tions, civic as well as technical, at home, but has not 


oined the wim toward the ievitable lathe | 
in find time to cook upa fl lea lic ’ 

but I look for the he Ip of experts to carr them out 
Ile is active in many societi otably ISA (Past 


President), AAAS, American Physical Society, ‘Tau 
Beta Pi, and Sigma Pi Sigma. He has been con 
ultant to ECA and an editor of The Review of Scien 
tific Instruments. But his favorite activity is trading 


leas with other inventive mind There is alwat 
me new phenome ion to he ed im cont } } 
You jt t ha cto keep ( ce out fi 
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Why National Aniline 


instrumentation for 





Rear view of aniline distillation control board showing plug-in Taylor TRANSAIRE Temperature Transmitter on hydrogen and 
type B1-ACT* and TRI-ACT Controllers mounted on the back nitro-benzene mixture on catalytic aniline section eaten 
of 5” x 5” Receiver Recorders. This simplifies start-up and fast speed of response and sensitivity give immediate indica 
operating procedures and results have been most satisfactory tion of any change in conditions. ) 


Aniline distillation 
control board, This 
type of graphic panel 
is, in effect, a giant 
flow diagram, avail 
able at all times to 
facilitate operator 
training. During the 
start-up period it 
helped eliminate 
much confusion as to 
the relationship of 
each variable in the 
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selected Taylor 


its Moundsville plant 


~~ RUMENTATION is considered a “basic ally” by 
the National Aniline Division of Allied Chemicai 
and Dye Corporation. For their new plant at Mounds- 
ville, W. Va., the first continuous process plant to 
manufacture aniline, they had to have accurate meas- 
urement and very close control. 

They also had a problem in coordinating and adjust- 
ing the many interrelated variables, since two of the 
processes are some distance apart. A centrally located 
control station was indicated, which in turn dictated 


the use of the TRANSET™ transmitter system of control. 


Previous experience influenced decision 
Another important reason for selecting the TRANSE1 
System was the great dependability of Taylor pneumat 
ic transmitters and receiver controllers experienced 
by National Aniline at their Buffalo, N. Y., plant. 


TRANSET features important to National Aniline 
1. Extremely accurate measurement. The TRANSAIRE® 
Temperawre Transmitter is highly responsive to 
dynamic temperatures, due to derivative action (SPEED 
ACT") in the measuring circuit and the low heat capac- 


ity of the cigarette-sized bulb. 


2. Close control without overpeaking. TRI-ACT* Con- 
trollers are designed to capitalize on the faster speed 
of response of the TRANSAIRE measuring elements to 
give optimum control quality. This insurance against 
overpeaking is particularly important in the process- 
ing of aniline. 

3. Minimum instrument down-time and easy maintenance. 
The “Plug-in” feature of the TRANSET System mini 
mizes interruptions due to instrument failure, because 
shop-adjusted instruments can be plugged-in within 
a matter of seconds. It simplified maintenance, since 
this can be done in the shop rather than on the panel 
This quick, easy interchangeability of all elements of 
the TRANSET System makes it possible to trace, analyze 
and correct process difficulties before serious trouble 
arises. It means money saved on installation becaus« 


of simplified mounting, and fewer piping connections 


National Aniline’s Research 
and Engineering pay off 
The quality of the aniline product at the new Mounds 


ville plant is of such a high order that National Aniline 


Taylor Differential Pressure Transmitter on Pitot tube applica 
tion in the Maleic Anhydride plant. This plant also operates 
from a central graphic panel and has instrumentation similar 
to that of the aniline plant 


is now in process of doubling its present capacity. 
This is indeed a tribute to modern instrumentation, 
which gives the research chemist and the developing 
and process engineers accurate and dependable con- 


trol of all variables. 


Your Taylor Field Engineer is fully qualified and ex- 
perienced to advise you on your process control prob- 
lems. Or write Taylor Instrument Companies, Roches- 


ter, N. Y., or Toronto, Canada 


—__——— MEAN 


ACCURACY FIRST 





IN HOME AND INDUSTRY 


‘eRe RUARY 19456 








WHAT'S NEW 


Controls Harness 
A Giant Test Center 


FTULLAHOMA, TENN., Dec 
1955—Conditioned the previous day 
by the mammoth engineering skills of 
Oak Ridge, our roving editor felt 
“ready for anything” when he set out 
across the lonely hills of southern 
Tennessee to Tullahoma. But again 
he was fascinated. lor the Air Force's 
neatly completed Armold Engineering 
Development Center here sprawls over 
42,000 acres, uses twice as much power 
as nearby Nashville, and equals the 
water demands of Washington, D. C 
On the grounds are the world’s larg 
est tunnel to test full scale power 
plants inside their airframe; a 10-inch 
Mach test setup for hypersonic mod 
els; an engine proving facility that can 
simulate a complete flight 

Primed for the hunt by these first 
observations, our editor prospected 
among ‘Tullahoma control engineers 
to see if their instrument and control 
techniques matched their superlative 
environment, ‘They did. Some sample 


’ 


GAS DYNAMICS: Test velocities up to 10 Mach are 
created by this 100,000 hp line of twelve compressors. 
They serve six high-speed tunnels—three continuous and 
three intermittent. The huge stator blades are angularly 
controlled to vary flow volume to Mach number selected ing units, and 
for the test. A servo computer measures the wind speed. 


CONTROL ENGINEERING 


control “nuggets unearthed in the 
bricf visit 
P cach of the major facilities—propul 
sion windtunnel, gas dynamics, and 
engine test—is served by a Univac 
ERA-1102 and associated data reduc 
tion system 
Pin the big windtunnel—a unique 
clectromechanical nozzle configuration 
programmer; Mach number measure 
ment by a servo computer; air volume 
control by stator blade pitch 
Pin the gas dynamics facility—truc 
computer control of variable-shape 
nozzles; pressure control systems using 
special, fast servo valves 
> in the engine test facility—linearized 
valve characteristics using a function 
generator computer; analog computer 
control of a test cell 

lest information at AFDC is an 
alyzed “on line” by a computer sys 
tem that was developed by Reming 
ton Kand to specifications supplied by 
the center's operating contractor, 


WORLD’S LARGEST 
WINDTUNNEL . 


The U-shaped structure is the transonic 
portion of Tullahoma’s windtunnel. In 
back, the Gas Dynamics Facility 


AND TWO OTHER VAST FACILITIES 


ENGINE TESTING: 
is in charge of the three closed test cells and the single 
open test bed at AEDC’s engine test facility. It directly 
controls the compressor, exhauster batteries, air condition 
overall flow configuration to the cells 
Individual consoles at cells control air usage. 


This master control room console 








DATA REDUCTION AT TULLAHOMA 


The diagram shows the data reduction system that 
serves AEDC’s engine test facility. Here is how it 
works, The jet engine under test is mounted on a thrust 
measuring stand and temperature, pressure, and m« 
chanical measuring transducers are attached. The engine 
on thrust stand is then slid into and sealed in the steel 
test cell and all measuring lines plugged into the cell 
jack boxes opposite lines run, of course, to instrument 
on the test cell panel 

In test, batteries of compressors and exhausters upplhi 
and draw air through the cell to simulate actual flight 
conditions at speeds up to 2 Mach, altitudes up to 
$0,000 ft, and temperature to plus 650 deg | Phi 
by test engineers in a nearby block 
house control room. Most parts of the motor are ob 
served by television 

As the test proceeds up to 250 readings from the 


engine is “flown 


engine are converted from analog signals to electrical 
digital contacts, accurate to four decimal places. ‘Whi 
“raw data” is automatically gathered and recorded with 
in 13 see after a specific test point has been reached 
Ihe data is fed directly into the memory drum of 
Univac computer. Also on this drum are instructions for 
evaluating the incoming data. Reeling off at 7,000 rpm 
the data and instructions are fed from the drum into 
the arithmetic part of the computer and a few second 
later the finished analysis is printed out by typewriter 
ind XY plotters. ‘Ihe results are also punched into tape 
which can be run through a computer for further anal: 
sis in the plant where the engine was made. This system 
has reduced the time needed to produce such data from 
ibout 30 davs to less than 5 min—in fact, the test engi 
neers now can determine the validity of their tests a 
they are taking place 
The photograph shows the main console, tabulator 

and plotters in the system. ‘Two five-ton air conditioner 
are needed to cool the 19,000-Ib Univac that perform 


the calculations 








ARQ, Inc 


(a subsidiary of Sverdrup 


& Parcel, Inc.) The system in use ible nozzles bi 


it the engine test facility is briefly de mechanical de 
scribed at the top of this page. The 


other two units at Tullahoma ar drives at each 


similar All three serve this major The synchro signal 
pared with nozzle section position pro 
cvlinder by the 
pin Several of 


function: saving the precious tim 
normally lost between the test and grams stored 


redesign stages positions of 




















4-XY PLOTTERS 


TRANSDUCERS 


COMPUTER 





-\r i) ae 
+ An : 
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PRESSURES, TEMPS, 
FORCES, ETC 


AMPLIFIERS CONVERTE 





SCANNER 





5 TABULATORS 










will be controlled largely through flex 
1 fascinating electro 
Svnchros will gage 
the position of constant feed motor 
tion of the nozzk 
will then be 


com 





MACHS GROSS 


Creating wind in AEDC’s propul 
sion tunnel are the largest electric 
motors and compressors ever built 
Westinghouse engineers, who did the 
job, came up with interesting ways 
to control these giant For example, 
the compressor stator blades are angu 
larly varied to produce a wide range of 
volume flow at constant compression 
ratios. The variable pitch is automati 
cally set by Mach number, which is 
measured by a Consolidated Electro 
dynamics Corp. servo computer 

lransonic and supersonic velocities 
in the test sections of the big tunnel 



















these pin program will be stored 


on the evlinder. A 50 per cent saving 


is claimed over a more conventional 
tape playback system 
MACHS SCHNELI 

Control problems in the 5-10 Mach 


ras dynamics test cells are more criti 
cal than in other faciliti The rapid 
transient conditions demanded com 
ponents with unusually fast frequency 
response—the Askania valve actuator 
used have a frequency response flat 
to 5 cps, including the valve—or thes 
meant developing appropriate device: 
I'wo of these developments: a pressure 
ratio computer and an electronic flow 


















computer with frequen i vonse flat 
up to | to 

\ UTNiG Le ib] wzzle control 

tem Wa ted by ARQ to equip 
the uper t cell for flight simu 
lation Noy ntour i hanged b 
24 screw jach cach operated b 
eparate litt omputer servomech 
nism. Each servo ji iwefully cali 
brated for a definite relation hip be 
tween the tion of the servo ram 
ind the Mach number 
MACHS HOCH 

\ mayor 1 ce ning the en 
ine test facility was that it be able t 
mutate altit onditions up to 50 
OOO ft wh perating at engine a 
flow clocit up to Mach hour 
year we during the de in pha ri 
engince knew gas dynami uff 
ciently well to lay out a preliminary 
ontrol ter And they knew how 
to make tl if measurement 
suit i ich | | omponent 
primal t blocked 
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FEATURES 


ENGINEERING 


1 /4” Pipe Connections 


40 PSI Maximum 


Reduced Pressure 


(100 PSI with 
Special Spring) 


300 PSI — Moximum 


Input Pressure 


10 CFM — Moximum 








Icsign of th t 


the first w tunn 
n facility, G. V. Schwent 
In Group 
time constant and gain variations 
inalytically. They found a gain change 
change in pressure to change in 
ontrol valve angle—of 100,000 to | 
They wal 


the 1 ilve 


i 
nN nd 


! 
; +}, 


tru ped 
rument Inapped 


; 


to lineariz 
' Berke 
function generator compute r, and 
to set the 
altitude 
ind 


then devised a 
characteristics with 


ceca ito 


without 


possible 
natic control for on 


hanging the gain time constant 
f the controller 

Schwent co-worker, D. W 
Russell, the solution to thi 
plant control problem in the special 
irticle below. ‘Their next step is to fin 
h development of a logarithmic pre 

detector. They will then be abl 
to run the wind tunnel over its com 
plete iting range 
ng the proportional gain and integra 


of thi 


and i 
rib 


des 
tire 
without chang 


opel 


onstant 
ontrolles 


iufomati pre 


HOW AN ANALOG 
CONTROLS AN 
ENGINE TEST CELL 


mtribution from D. W. RUSSELI 

Supervisor of Development Control Sectic 
ind G. V SCHWENT, Manager, 
t Facility 


nentation Branch 


In Tullahoma, 


Instru 


Engine T¢ ARQ 


Tenn 


In attempting to design an exhaust 
pressure control system for altitude 
test cells at the Arnold Engineering 
Development Center we 
problem: the inadequacy of standard 
ssure controllers in general use at 
tin \ analysi 
performed 


ran into a 
pr 
the 


was 


mathematical 
to 
for this inadequac It reve 
difhicultic 

& thi 


valve eTvo Wa 


determine reason 


led tw 


of at 
not adequate for the 


frequency response ulable 
iob 
P plant response itself varied widely 
due to the range of operating 
ind flow 

lwo ipproache { 
be used to describe the plant One 
to lump parameters in ordinary diff 
Ihe other—the di 
tributed parameter approach 
ploys partial differential equation 


mathematical 


ential equations 
Citi 
ind 

ot 
the 


ince 


determines the highest frequen 
ontrollabilits Thi 
resonant (organ pipé 


frequency 1 
frequency 
the phase shift at resonance is 15¢ 


deg 


A Usable Valve Servo 

Fortunately, an valve 
servo with frequency response greater 
than the organ pipe frequency becam« 
ivailable about the time analysis wa 
ompleted. It was tro-hydrauli 


adequ ite 


ith ¢ le 


CONTROL AT WORK AT TULLAHOMA 


THE CELL: 
Behind it is 


Partly visible in 
the turbojet tester and 


Error sensor and gon 
odj. omplifier 


Automotic 
set point 
V pot 
C 


= J 
Mechonico! coupling amphi fer 


integral time 
constont 
adjustment 


Pressure 
sensing 
system 


ye 


iniet -q Engine = 


Test cell 


SYSTEM 





diagram from an analog computer that 


complete test cell plant 
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Zero pressure error: 


+ 4+ + + 


Exhoust 
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the 


as 
oe eh 


foreground is the test 


its concrete control blockhouse 


ramjet 


Funchon 
generotor 
Proporhonal + 
mt. control 


r 
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“> Monuol 
volve 
posi tior 
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! 
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| A 
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J Voive 
| seru 


| 1 


Limiter ‘ 
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Butterfly control voive 


performs as a controller 


for 


unit 





J Atmosphere 
Exhouster 


The center components in the upper portion of this block 


the 
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Pressure Error 





Pan /_ 108 


+--+ Engine 


THE RESULTS 
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Weight Flow 


per cent when there is a 40 per cent reduction in flow 


tem with angular position propor 
tional to de voltage signal 

In the 
tTrequency Tr p ns“ 


analysis 


lumped parameter 
ind the distributed 


parame ter «¢ 
ipproximate! 


cription 


one-half 


4 I 
imat f +] ; 


frequen 1] 
| 


than 3 


agreed 


The graphs show that controlled plant response to engine 
weight flow disturbances at 18,000 ft limits pressure error to ke 


up to 
the organ pipe 


d parameter ap 


thie 
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BARBER 
COLMAN 





SERIES 8000 
POTENTIOMETER- 
RECORDER 


Now available from Wheelco, the Series 
8000 Potentiometer-Recorder of null-balancing 
type, completely self-contained and requiring 
only an external sensing device. Send for 


catalog for complete specifications 


FUNCTIONS 


Indication @ Control ¢ Recording 


VARIABLES 


Temperature e@ Pressure @ Speed 
Strain. @ Hydrogen lon (pH) 


FEATURES 


Maximum accuracy e¢ Simplified operation 
Minimum maintenance ¢@ Plug-in components 
Standard electronic tubes 

Wide selection of scale ranges 


WHEELCO INSTRUMENTS DIVISION 
Barber-Colman Company 


Dept. 8B, 1548 Rock Street, Rockford, Ilinois 
BARBER-COLMAN of CANADA, Ltd., Dept. A, Toronto and Montreal, Canada 
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used in simplified control synthesis 
lhe break frequency of this descrip 
tion (a first order system) was found 
to be always less than 1/20 the organ 
pipe frequency. 

I'he lumped parameter analysis also 
indicated that the plant gain at one 
half the organ pipe frequency was 0.5 
per cent of pressure change per squar¢ 
foot of the effective valve area Thi 
gain stayed constant at all altitudes 
and flows for which the exhaust 
valves were choked. As the exhaust 
valves unchoked, the gain reduced 
For example, the gain decreases by a 
factor of two as the pressure drop 
across the valve decreases to 10 per 
cent of the pressure level Hence 
if the control gain is maintained at 
2.0 sq ft of effective valve area cach 
per cent of pressure error, the plant 
will alwavs be at the stabilitv limit 
when the valve is choked. And mor 
stable when the valve unchok« 


Analog Components Used 


l'o achieve this desired gain, analog 
computer components have been in 
corporated in the control system. ‘To 
compensate for gain changes with pres 
sure level, the set-point potentiometer 
is mechanically coupled to an ampli 
fier input resistor as shown in the sys 
tem diagram. An electronic function 
generator creates a valve actuating 
voltage, a predetermined function of 
the pressure computer control signal 

As it stands, the plant has a gain 
variation (pressure to valve position 
signal) in the order of 100,000 to | 
over the entire operating rang his 
wide variation results in part from a 
change in pressure level on the order 
of 15 to 1. Remaining gain chang 
is caused by using as many as six set 
of 16-in. and 42-in. butterfly valve 
in parallel. ‘The valve angle is linear 
with the input de voltage 

Che analog computer has proven to 
be the most economical solution for a 
system that requires automatic com 
pensation of such magnitud It also 
enhances system flexibility If re 
quired, the engine flow could be con 
tinuously computed by the analog in 
future test programs. 

The illustrated records on the pre 
ceding page show the results from 
the controlled plant at a simulated 
altitude of 18,000 ft. Note the organ 
pipe frequency superimposed on the 
pressure error signal. For a 40 per 
cent reduction in air flow, the pressure 
error did not exceed 3.7 per cent 
This represents a flow change from 
maximum exhauster capacity down to 
surge flow 
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SPECIFICATIONS ~ PERFORMANCE DATA 
condensed information on regulated power equipment for every application 


The new 1956 Sorensen condensed catalog gives you specifications on more than 65 different types of regu- 
lated power supplies — a cross section of Sorensen equipment engineered to create new standards of accuracy, 
dependability, ruggedness and appearance. 


Included are new precision tubeless and transistorized AC and DC sources . . . a tubeless wide-range regulated 
DC supply . . . a 750 volt AC voltage reference source... . heavy duty tubeless regulated DC sources for critical 
industrial applications . . . plus advanced versions of Sorensen’s complete line of regulators and Nobatrons. 


The new 1956 Sorensen cataleg is a quick, one-stop guide to equipment for your needs — engineered, tested 
and backed by the reputation of Sorensen .. . ‘the world’s authority on regulated power.” 


CONTROLLED POWER FOR sf. RESEARCH AND INDUSTRY 


SORENSEN & COMPANY, INC. © 375 FAIRFIELD AVENUE @ STAMFORD, CONNECTICUT 


PEBRUARY 





AROUND THE BUSINESS LOOP 


Scientist-Engineer Conflict 
Explodes at Lockheed 


\s the control industry went inte 
the final month of a year bristling with 
wccomplishment and potential, on 
rea suffered a blow that could be 
said to have been triggered by thi 
very achievement Ihe twenty scien 
tists—computer specialists, plrysicist 
missile control men, electronics expert 

who walked out of Lockheed Au 
craft Corp.'s Missile Systems Diy, in 
December followed in the footsteps of 
the contingent that quit Hughes Au 
craft Co, two years before to set up 
Ihe Ramo-Wooldridge Corp. and in 
this respect the Lockheed men set no 
precedent 

Che singularity of their move |; 
in the fact that here, for what may 
be the first time, 
sion of a deep-seated and growing 
rivalry between the two factions that 
have been most responsible for mab 
ing today’s airborne systems a leading 
symbol of our technology 

No one was saying why the faction 
that stayed was composed of aeronau 
tical engineers and why the one that 
went consisted of scientists. It reall 
wouldn't have mattered if it had been 
the other way around: a defection by 
either faction would have been elo 
quent expression of the dispute \ 
speculation about why the scientist 
and not the engineers, were the on 
to go, however, should take into a 
count the fact that the former, lik 
their Hughes predecessors, are plan 
ning to establish their own concern 
Chis may be something they are in a 
better position to do than the engi 
neers The new company, to be 
known as Systems Research Corp 
will have its headquarters in Van 
Nuvs, Calif., the same city in which 


was an overt expr 
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Lockhees Missile Systems UD 


located 


Ideology on both ile Va oO 


trong that the schism was consum 
mated without a hint of bittern 
It was simply taken for granted that 
the two sides just couldn't get along 
ny more and that one had to go 
| xplanation by the crentist 
nven in the matter-of-fact tone of a 
inman who deseribes how he tried un 
uccessfully to change the laws of na 
ture: their dutics had been down 
graded to the pomt where they were 
merely on call to jump im and bail 
the engineers out of trouble when the 
latter hit missile problems that got 
them into hot water Ihey declared 
that ina field as highly technical, com 
plex, and disassociated from conven 
tional industrial practices as a mi 
should 
be at the helm from the very begin 
ning It is paramount, the con 
tended, that they be part of thie pol 
setting body coordimating design 


development project, scientist 


ind production activities from concep 
tion to project completion 

Lhe engineers, on the other hand 
harged that the 
uch a big hand in development that 
they threatened to usurp management 
uithority. They said that there is a 
time when scientist 


scientists wanted 


should) surren 
der their projects to engineers and 
manufacturers and turn their atten 
tion to something new. ‘Their battle 
cry was something like this: Scien 
tists should be content to be scientist 
ind should not attempt to be mana 
gers 

Hall L. Hibbard, vice-president for 
ugineering and acting head of the 
Missile Systems Dis 


ummed up the 


Below are just a few of the 
people involved in a who- 
does-what spat that turned 
into a mass shakeup last De- 
cember at this 
Calif., plant. 


Van Nuys, 


Hibbard stands firm 


but Krause leaves 


und Ridenour replace 
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ACCURACY 7 MINUTES - 


Secondary 
Impedance Secondary 
Output Primary impedance ondary Senuitivity Accuracy 
Open Primary Re ance Shut my (deg Minutes 
Mas 


Primary 
Impedance 
Type Primary Excitation Input Input Secondary Primary Secondary 
Number Element Voltage Current Power Open Resistance Element Voltage 
400 cy m4 Watts) Phase (Wine) 


Function 
Phase Shorted 


Diftere 


Total N . v for ¢ 
Also available in 115v 400 cy. primary, 90v secondary Transmitters, C_T.'s, Receivers 


In equipment which must be flown, why load on extra weight? 


Clifton's new Size 8 Synchros con take the place of larger units at very significant saving in bulk and weight 
These new Size 8's are now in use in some of the latest and lightest avionic equipment 


¢ D iT bs Samples are available from stock, quantities from the production line 
CLIFTON PRECISION PRODUCTS CO. INC. 


FOR SYNCHRO PROGRESS CLIFTON HEIGHTS PENNSYLVANIA 








“Measuring CORROSIVE LIQUIDS 
is no problem with 


NIAGARA “‘:* METERS” 


range « 
Mainten 
absolute 


§ the 


BUFFALO METER CO. 


2932 MAIN STREET 
BUFFALO, N.Y. 


Gentlemen: 

Piease send me complete information on the use of economical 
NIAGARA METERS, based on the data below: 
Liquid Pressure p-s.i. 
eC F. 
Flow rate g-p.m. 
Maximum batch gals. 
Name 
Company - 
Address ___ 
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talemate in thi \ 
that we are right 
that thev are 

[he resignation 
Lt. Gen. Elwood R 
inal head of the divi 
the mass exodu 
the division ros 
i negligible entit 
of the top organization 
other compan And th 
sent him away was th 
that drove off twenty of | 
hortly afterward 

Among the first of the 
ign was Dr. Ernst H. Krause 
of the division. Of the ‘ 
mediately followed him 
tand out for then pr aL 
their field: Dr. Montgomer 
on, director of the Nu 
Laboratory; Dr. John | 
rector of the ¢ omputet 
Laboratory; Dr. Eric Dun 
the Weapons Systems Labor 
Dean Wanlass of the C& 
torv: his brother, Dr. ¢ 
n charge of comput 
opment; Dr. Harold H 
cientist in the NP I 
Louis G. Walter and ID 
Azeltine, experts on aut 
ind computers; Dr. Joseph \ 
director of the Phy 
Laboratory; J. R 
the nuclear reactor 
man Smith, head of the m 
trol section, and Richard H 
head of electronic anal 
Walter, and Azeltin 
cngimeermng facults 

aking Krause 
the M ile Svstem 
N. Ridenour, the di 
of program ce clopm 
impressive background 
in MII Radiation Lab 
1 period of service to th 
ivihan scientist Barn 
replaced is head of the 
Controls Laboratory | 
Leutert, formerly in 
ipplied mathemati 

we that director 

oratory at Aberds 

It wa iid that the 
planned to rearrangs 
missiles program im such 
research projects would | 
trol of the scientists, and 
sure to revamp these plan 
immediate cause of the 
cording to Lockheed official 
ever, the resignation 


ible 





See MASTER for a selection of motor 
drives that you can get nowhere else— 


for specialized power drives unequalled for 
flexibility, compactness and performance. 
See Master for the right horsepower, right 
shaft speed, right mounting features—to 
add salability to your products, efficiency 
to your plant equipment. 


Master components are designed to 
combine in one compact unit to suit your 
needs exactly—all the way up to 400 
H. P. Just ask us for information. 





Motor Ratings.'% to 400 H.P. All phases, voltages, and fre- 
quencies. 

Motor Types.....Squirrel cage, slip ring, synchronous, repulsion- 
start induction, capacitor, direct current 





Construction ..Open, enclosed, splash-proof, fan-cooled, 
explosion-proof, special purpose. 

Speeds Single-speed, multi-speed, and variable speed. 

Installation Horizontal or vertical, with or without flanges 
and other features. 

Power Drive Electric brakes (2 types) —5 types of gear re- 

Features duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives — 
every type of mounting. 





THE MASTER ELECTRIC COMPANY 
Dayton 1, Ohio 


Calne MOTORS 











WITHSTANDS VIBRATIONAL 
ACCELERATIONS 
of 15 G’s up to 2000 cps 





PHYSICAL DIMENSIONS | 
OVERALL HEIGHT 3"K,"’ | 
OVERALL WIDTH 3%" | 
OVERALL DEPTH 3%"' | 
WEIGHT 38 OUNCES 


Hermetically sealed 
EEE ERE SCL SOTO 


This newest Genisco Accelerometer is a 
rugged, oil-damped, potentiometer-type | 
instrument designed to operate in the most | 
severe missile and hente vibrational envi- 
ronment. For example, in a recent produc- | 
tion test the GOH performed satisfactorily 
after vibrational environment of 15 G’s up to 
2000 cps. As further proof of its ruggedness, 
the H will withstand 40-G shocks of 5 
millisecond duration on the sensitive axis, 
and steady-state accelerations of 30 G’s on 
the non-sensitive axes and 10 G’s on the sen- 
sitive axis without damage. 


HEATING ELEMENT AVAILABLE — A thermo- 
stat-controlled, internal heater may be 
installed in the GOH to keep operating char- 
acteristics constant between —50° F. and 
++ 160° F, However, thermostat operation is 
limited to 60,000 feet or less, 95% relative 
humidity at 160° F., and a vibrational en- 
vironment of 10 G's up to 500 eps. 


SPECIFICATIONS 


Ranges: + 1G to £3 G's inclusive. 

Natural Frequencies: 7 cps. to 12 cps. 

Nominal Damping: 0.65 of critical at 75° F. 
Values between 0.4 te | set if desired. 

Resistance: 14000 ohms (+ 5%); center 
tap at 0 G-point, Other resistances 
also supplied. 

Potentiometer Voltage: Up to 60 volts. 

Resolution: One part in 300 for standard 
potentiometer. 

Noise Levels: Less than 10 my at 0.1 ma 
brush current, 

Linearity: Within 1% of full scale from best 
straight line through calibration points. 


Complete technical data on the GOH and other 
Genisco Accelerometers and Pressure Transducers is 
qoetens jvem Genisco, Incorporated, 2233 Federal 
Avenue, Los Angeles 64, California, Write for your 
copy today. 
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million missile center at Sunnydale, 
near San Francisco. Company pet 
sonnel are being promoted to fill some 
vacancies, and outside scientists ar 
being hired to handle the others 

But recent news in the 
sile field wa 
Lockheed 
broke 


pan On in 


lircraft-mi 
tricted to the 
fact, thi tors 
1 period of more ex 
the busine than ha 
been reported in a time. | 
dence 
P General Mills, Inc.—Iliree appoint 
ments in the Mechanical Div. presag 
raft and 


feam con 


not re 
tors In 
during 


| 
iong 


even greater emphasis on al 
missile systems. The new 
sists of Dr. Cledo Brunetti, who r 
places Dr. Frank B. Jewett, Ji 
director of engineering, rr 
development; Dr. Carl I 

has been 


earch and 
Kober wh 
director of 
and cde 


Barkles 


tor of 


named associate 


systems engineering, research 
velopment; and Dr. John 1 
who becomes associate 
R&D. Brunetti has been director of 
R&D; Kober, one of the top German 
W orld 


devel 


clire 


radar and guidance men of 
War Il and a key figure in the 
opment of strategic bombing 
for U.S. Air Force, has 
of systems analysis since early in 1955 
when he came to the company 
Wright Air Development 
Barkley formerly manager of 
physics and chemistry research. Jew 
ett has left GM to become vice pre 
dent of Vitro Corp. of America 

P Northrop Aircraft, Inc.—Well ove: 
$8 million worth of new buildings in 
Hawthorne, Calif., concentrate 
ind speed programs devoted to ele 
tronics 


system 


been managet 


from 
Center; 
was 


will 


optics, guidance systems, and 


other precision equipment. The $8 
million is what Northrop i 


for its own new faciliti 


pending 
which will in 


ANSWERING INDUSTRY'S CALL—I 


trainees 


will begin trooping into the 
& Education Center being built in Foxboro, Mass., by 


clude a $5,335,000 scientific engineer 
ing research center, an eng 
test laboratory, a low-speed wind 
tunnel, and a cafeteria. All thi 
expected to be complet te 

vear. In the 

supervising construction 


nNnce;°rng 


addition, 


Force guided missile engin 
ity and an environomental 
trical test laboratory, whi 
contract. The scier 
i two-story building with 
will acronaut 


scientists, 


under 


tower, house 


nec;rs, resear;e h 


neering service department 
ind analytical engineerin 
idministrative, securit 
tronic testing area 
> Hughes Aircraft 
out to be a wide pread 

of military products to the 
market ha started with est 
lishment of a new Hughes Product 
Div. under R. M. Russell, former! 
with Continental Aviation & Engi 
neering Corp. Developments that 
have in the Falcon 
electroni 
ind that 
will be 
pu hed by the division, which for the 
time being will concentrate on semi 

ind = related = product 
1 new silicon transistor that 
handsomel 


Co.—What ma 
turn rcleas¢ 
mMmMe¢rcia 


been 


been used strictly 
and in 
for interceptor aircraft 


have commercial applic ition 


guided missile 
tem 


onductors 
| xample 
operate it high tempera 
tures 

> Raytheon Mfg. Co.—An Army 
tract for work in guided mi 
to $17 million with the r 
of an 


Con 
iles rose 
ent award 
idditional $7,796,500 
earch and developm« nt 
ion will carry through next S« 
ber. The work will be done at 
Missile Systems Div., Hanscom 
Bedford, Mass., and at plant 


the 
AB 
n Mar 


irly thi 
20 classrooms of thi 


The Foxb 


Co. The building will provide twice the training area of the former 


facility and will accommodate twice a 


twice as many course I'wo lab 


many students, who will t 


ire included in th plan 





OWA T'S 


RESISTORS 


Ohmite “Brown Devil” Resistors have been carefully 
designed to provide balanced thermal expansion, All 
parts——core, resistance wire, vitreous enamie | coating, and 
terminal band—have a thermal expansion that has been 
carefully matched. Consequently, Ohmite “Brown Devil” 
Resistors expand and contract as a unit. This eliminates 
cracking of the enamel, keeps terminals firmly anchored, 


and prevents the entrance of moisture. 
THE RESULT: You are assured high-quality resistors 
that provide the utmost in dependability under the 


toughest service. oper ily Ohmite “Brown Devils” on your 


next job. 


PATENTED WELDED 
TERMINALS 

Ohmite welded terminals provide 
'a perfect and permanently stable 
electrical connection that is un 
affected by vibration or high 
temperature 


HIGH TEMPERATURE 
STEATITE CORE 


This strong, rugged, steatite core 
has excellent electrical character 
istics, and a coefficient of thermal! 
expansion that matches the other 
resistor materials 


EXCLUSIVE 


HIGH TEMPERATURE 
@) \\ | I . VITREOUS ENAMEL 
CKight with This special-formula enamel! was 


developed by Ohmite after exten 
OCHMITE MANUFACTURING COMPANY, 3674 Kowerd Sirect, Skokie, Iilinels (Suburb of Chicage) sive research. Its thermal expan 
sion is properly related to that of 
the steatite core, terminal, and 


RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 


resistance wire 





STANDARD RECORDING & PLAYBACK HEADS 


Precision multi-track heads, shielded for negli- 
gible cross talk. Precision gap alignment for 
uniform time and phase reproduction among the 
various tracks. Encapsulated in thermosetting 
resin. Complete range available from 2 tracks on 
\4” tape, to 42 tracks on 2” tape—for use in data 
processing equipment, analog and digital work, 
telemetering, and automatic control. 

WRITE FOR BULLETIN 55-B 


RECORDERS— PORTABLE & LABORATORY 

Portable recorders, flight-proved to withstand 
extreme conditions, furnished as self-contained 
units or subdivided for space/weight distribution. 
Laboratory recorders are available with complete 
reproducing systems as an integral unit. Both 
have a full range of speeds for direct recording or 
recording by FM, PWM, or digital pulse—with 
full wow and flutter compensation. 

WRITE FOR BULLETINS 54-D AND 54-E 


REPRODUCERS 


These unitized assemblies reproduce data from 
all Davies recorders with unparalleled accuracy. 
They include a tape transport mechanism, a 
speed control servo, and playback amplifiers with 
power supply, for direct recorded, PWM, or 
digital signals; and a high stability discriminator, 
in addition, for FM carrier systems. Units are 
available individually or as a complete system. 
WRITE FOR BULLETIN 54-D 


AUTOMATIC WAVE ANALYZER 


This heterodyne type analyzer provides a com- 
plete fourier analysis (amplitude vs. frequency) 
of up to 14 inputs-—all automatically. It is 
adaptable to any source supplying a repetitive 
signal in the range of 3 to 2000 cps to analyze 
signals from vibration, transients, noise, shock, 
power lines, etc. 

WRITE FOR BULLETIN 54-C 


~L)a U, / “4 Ss LABORATORIES, INC. 


4705 Queensbury Road « Riverdale, Maryland 


CONTROL ENGINEERING 


WHAT’S NEW 


nard and Wayland, also in Massa 
chusetts. The Wayland plant, a 
brand new one, is New England's 
largest industrial electronics engineer 
ing laboratory. 
> North American Aviation, Inc.—A 
new division is producing the fire 
control system for the F-86K Sabr 
Jct, the electromechanical controls 
for the F-100 Super Jet, the NADAR 
airborne tape recorder, and two-plac« 
inter-communication — units [hese 
are right up the alley of the Autonet- 
ics Div., whose area consists of auto 
matic navigational systems for missiles 
and aircraft, airborne armament con 
trol systems, radar, analog and digital 
computers, data processing equipment, 
and automatic controls for machine 
tools. General manager is John B 
Moore, who has headed the Electro- 
mechanical Engineering Dept. 
> Weber Aircraft Corp.—A new Elec- 
tronics Div. is the latest move by thi 
relatively young (15-year-old) com 
pany, which is concentrating on air 
craft components, ejection seats, and 
ground handling equipment. One of 
its recent developments a new type 
of vertical take-off plan 

In other news around the business 
loop 
©» Under a recent arrangement, five 
new departments of Librascope, Inc., 
are enjoying complete autonomy for 
all engineering phases of their respec 
tive projects. The units, whose di 
rectors will report to Chief Engineer 
D. C. Webster, are Commercial, Spe- 
cial Devices, Airborne Equipment, 
Shipboard Equipment, and Adminis- 
tration. The last department will 
carry on intra-company liaison and 
oversee engineering and field service, 
production engineering, drafting, and 
personnel. 
> General Electric Co. has added the 
history of automatic production to 
its fine library of ‘““More Power to 
America” films. “This is Automa 
tion” traces the technique from the 
early 19th Century to the present, 
explains how it is applied to manufac 
turing, inspecting, assembling, test 
ing, and packaging, shows how first 
“flowable” and later “‘non-flowable” 
products were adapted to it, and 
points up advantages to employers, 
employees, and consumers. GE call 
its effort the first industrial motion 
picture on the subject and says it’s 
available on a loan or cost basis 
through its Apparatus Sales Div., 
Section 6-210, Schenectady 5, New 
York. 
> Late last year, on its “Cavalcade of 
Progress” television show, RCA put 
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Four New G-E Controlled Characteristic NPN Transistors 
Offer Opportunities Now For Practical Applications 





The new General Electric NPN’s — 2N167, 2N169, 2N170, THE GENERAL ELECTRIC 
2N78 — cover a broad range of circuit applications NPN TRANSISTOR LINE 


7 G-E NPN 2N167; The first G-E 

Now there are four NPN transistors in the G-E Semi- NPN transistor designed 

. ° . . pec cally for co uter ¢ d 

conductor line. All are new. All designed for up-to-date cir- 7 3 a " 
ai roce ing macnine « 

cuitry needs where dependability and reliability are required. All characteristics 

These new transistors offer a strong combination of ratings ontrolled, Provides a com 

2 Taarigy ; : bination of high frequency 

to provide everything you want from an NPN in a circuit. and high voltage operation, 
. 7 -_ ° ‘ . »>me at 30 V. Ce be sed 

All four new NPN’s are produced under the exclusive G-E 4 et 

RF and IF amplifier stages 

rate growing process, all-welded and hermetically sealed 


‘ el eer . bas G-E NPN 2N169; An NPN 
against impurities and contamination. General Electric’s full semeeaiahees the tte: tei ae 


year warranty assures long life, top performance. / design. Carries characteris 
— . r . : F ‘ ti needed for excellent re 
For full specifications and application engineering assist- Its as a 2nd detector in 
ance call in your G-E Semiconductor Specialist, your G-E broadcast receiveramplifiers 
distributor, or, write: General Electric Co., Semiconductor G-— NPN 2N170: Designed for 
Products, Section X9926, Electronics Park, Syracuse, N. Y. low level amplifiers and 
, witching circuit Of par 
th ir interest to novelty 
electronic circuits. Priced 

extremely low 

Progress /s Our Most Important Product 3 

G-£ NPN 2N76: A general pur 
| pose transistor of particular 
interest in RF and IF ampli 
fie! Exceptionally stable 
| tion at unction tem 


GENERAL @@ ELECTRIC 


ires up to BH” ¢ 
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‘HOME FOR SANBORN These new quarters in Walthan 
will be ready for the Sanborn Ce next December Th 


ion plant will pro le | UU qt ‘ in j 
, ' 


~. Pye — ' 


uf en a 


dm ki 


INVENTIVENESS IN A “WASTELAND” —Just in « 
you're looking at cre plant site 1 Glouce 
(Ontario That qual in the middh the plant 

to Bogue Electric of Canada, Ltd In its 80,000 q ft of 
workers will turn out motor ind generator power sup} 


tem ind electron miponent 


Cceél00 . 8 if othe! mi Gy P ) \ Oo , ' rT 
Precision pothght on eneral ¢ ontrols Cx | t | | , 
of Glendale, Calif to tell the te tor of the laborator t | Wil 


wire-wound re- of the iutomaty ontrol industi for his work at Dr. ( S Dp per 
sistors encapsulated The half-hour program showed hoy Instrumentation Laboratory at MII 


the 25-year-old company grew from here he was chief designer for the 
in cast epoxy are now of- $10,000 investment to a manufactur Navi Mark XIV gyro 
fered in hundreds of styles of more than 30,000 product f World War II 

> Shock & Vibration Research, Inc., headed the laborator 
exceeding performance has been organized at Detroit to ip produce the floated 

ply its particular developments in heart of toda most 

control, measurement, and communi ind fire control syste 

cation te hinique s to engineering prob P The story of how fou ospector 


MIL-R-93, | lems that are direct results of advance iw their prospe: ( vhen the 


ments in the industry President turned = t manufactur precision 
Write for booklet | Robert L. MeKay, who ha 
ociated with the Princeton research the first annual report of Atomic En 
staff, Bell Aircraft, Douglas Aircraft, gineering Corp. ‘This Grand Junction 
ind the Department of the Army (a ‘lo., maker of Geigs 
civilian scientist ging | 
P The Instruments Div. of Sterling ith $2,500 and 
Precision Instrument Corp. lias a () 
new arm: the Cambridge Engineer > After totting up i 
ing Laboratory, which will spe ialize v developments in transm 
in high-precision gyros and other ai m, Rockwell Mfg. Co. immediate] 


ratt instrument it t ( mbridec tarted nstruct } i lant 


; been a rospectin equipment ealed 





CONTROL ENGINEERING 













TIME AND MONEY TO 
crossbar (krésbir? 


5 SSBAR | The most modern compact fast, and 
| economical means ot concentrating 
r switching opera 


hundreds of relay 0! 
con 


tions for practi ally any 
re} orune 


TO YOU 
Y R AUTOMATION trol, compuung 
cial sampling Ope! won 


auromati« 
or quen 


\ 
: SSeSsee = 
eer ) 
The basic Crossba! principle which pet 
muts any ot several incoming Cir uits to 
be connected ro any ol several ourpul 
4, 
? circuits 1S illustrated above This switch 
; ‘ actually can connect any ot OVO circuits 
4 at a time, tO uiny of 7° 


ove shows 4 means ot 


switching rcuit to many 
possible outgoing circuits his type of 
adapted to switch 


switch can Casiry ry 


The drawint ip 


one ith oming ©! 


; 
| one circuit rc as many 4 946 circuits 


Postage 
No 


Will Be Paid 
Postage Stamp 
Necessary 


by 
Addressee 
If Mailed in the 
United States 





58 years of know-how gives you complete service data 
“f= <lesigns that cut costs in production 





KELLOGG 
Switchboard & Supply Co. 
Industrial Sales Dept. 


A Division of International Telephone & Telegraph Corp. 


[ ] Please send me the booklet on Kellogg Crossbar 


| } Please send me the booklet on Kellogg Relays 


NAME 


FIRM 


ADDRESS 


city ZONE STATE 














WHAT’S NEW 


Russellville, K\ md Porterville 
Calif., and began negotiating tor the 
purchase of a third. Its reasons: antic 
ipated completion of the first natural 
gas pipeline into the northwest by 
next summer will bring the fuel into 
five states tor the frst time; a trans 
continental pipeline in Canada 
about to start; and other pipeline 
activity in the U. S. and Canada 1s 
on the upswing 

P On the way up: A school (55,000 
sq ft, 33 classrooms and labs) im 
Endicott, N. Y., for company person 
nel and customers of IBM. 

P Opened: A $1 million manutactur 
ing plant $5,000 sq tt) near Denver 
by Minneapolis-Honeywell Regulator 
Co.; a $2 million plant tor its ciectro 
lytic capacitors, in Huntsville, Ala., b 
P. R. Mallory (Huntsville), Inc.; a 
new home (S.000 q ft holding an 
additional $100,000 in machinery) um 
Los Angeles, by Benson-Lehner Corp.; 
and larger quarters in ¢ hicago for the 
Microwave & Industrial Products 
Dept. of its Communications & Elec- 
tronics Div., by Motorola, Inc. 

P Recent mergers: Conoflow Corp. 
(automatic contro] valves, pneumatic 
power operators, air regulation equip 
ment) and the Walworth Co. (indus 
trial valves and fittings); and Eastern 
Industries, Inc. (radar speed meters, 
vehicle-actuated traffic controls), and 
Neptune Meter Co. (liquid met 
Neptune owns Revere Corp. of Amert- 
ica, Cox & Stevens Aircraft Corp., 
and Superior Meter Co. 

P And two acquisitions: Warren Elec 
tronics, Inc. (ultraviolet spectroscopy) 
by The Perkin-Elmer Corp., and 
Communication Accessories Co. (cle 
tronics components) by Collins Radio 
Co. 


important Moves 
by Key People 
> Wilbert H. Steinkamp, who takes 


over the domestic and foreign ile 
helm of Weston Electrical Instrument 
Corp. as vice-president in charge of 
sales, has had 26 years in the instru 
ment field As vice-president and 
general sales manager of Beckman 
Instruments, Inc., and before that, a 
a key sales executive of Minneapoli 
Honeywell's Brown Instrument Di 
Steinkamp acquired a thorough know! 
edge of the instrument market in the 
U. S. and abroad. In his 22 year 
with Brown he rose from industrial 
instrument salesman to general sal 
manager. He is a graduate engineer 
> The man who developed the first 
practical timer controls for the toy 


extra-compact 
delay lines 


in package or tubular form 


Standard series or 
designed for your particular application 


Continuously wound Technitrol Delay Lines assure min- 
imum pulse distortion and are virtually unaffected by 
temperature variations. They are offered in a variety of 
mountings. Technitrol engineers are prepared to design 
lumped parameter or continuously wound delay lines 


to your specifications. 


Technitrol also produces miniature Pulse Transformers, 
wound to your requirements. Let us know your perform- 


ance specifications. 


for additional information, 
write for Bulletin C174. 


ECHNITROL 





engineering company 
| 2751 North Fourth Street*Philadelphia 33, Pennsylvania 
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wew SPECTRAL 
Quality 
Control 


For Industrial 
Processing with 


the Kaye SPECTROSTAT 


permits automatic, Continuous 
sampling for process control 


SPECTRAL CON. 


monitors 


TENT without calculation delays 
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senses deviations in SPECTRAL 
absorption or transmission instantly 
The Kaye Spectrostat provides a 
completely new method of automatic 
industrial control wherever 
measurement of a process may be 
defined by SPECTRAL ( wavelength ) 
composition the Spectrostat will 
supply deviation information instant- 
ly, eliminating time-wasting calcula 
tion delays. 


Spectrostat operates in a wide range 
from ultraviolet through the vis 
ible color range into the near infra 
red spectral bands monitors qual- 
ity by differential wave length de 
tection, signaling whenever preset 
limits are exceeded. 
For any process liquids, gases, 
slurries, sheets or a unit flow of 
solids Spectrostat provides com 
plete automatic control; cuts manu 
facturing costs by eliminating sub 
standard material and rejects 


For complete information on the 
Spectrostat please request Bulletin 11. 


DEVELOPMENT 
COMPANY 


KAYE 


SUBSIDIARY OF 
ATOMIC INSTRUMENT COMPANY 


CONNECTICUT AVE 
SOUTH NORWALK. CONN. 
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WHAT’S 


Zeke R. Smith 


Lunney E 


burners of gas ranges has been ap 
pointed chief engineer in charge of th 
Engineering Dept. of Robertshaw 
Fulton’s Robertshaw Thermostat Di 
vision. He is Clarence Wantz, whose 
30 years as a designer of control de 
vices for the gas industry include 
periods as draftsman, engincer, produc 
tion manager, plant manager, chief 
draftsman, and chief engineer. He 
replaces M. C. Potter, resigned. At 
the same time T. H. Pierson, formerly 
with Corn Products Refining Co., 
joins Eggelhof Engineers, Inc. as man 
ufacturer’s representative for R-F 
Pierson, who gets vice-president stand 
ing, will head a process division of 
E.ggelhof and assist in overall manage 
ment, 

> Potter & Brumfield has named 
Zeke R. Smith, formerly manager of 


QO. M. Dunning 


Mark She phe rd, Ji 


A. Kelle: 


the Chicago office, chief engineer of 
ipplications in the home office at 
Princeton, Ind. Smith has had 
ous experience with Bendix Aviation 
Corp., Philharmonic Radio Corp., 
Air King Products Co., Wilcox Ele: 
tric Co., and Vendo Co 

FP Orville M. Dunning go 
Hazeltine Electronics Corp 
he was vice-president for enginecring 
to Airborne Instruments Laboratory 
as director of the Engineering & 
Production Div. All divisional activi 
tics will be concentrated under Dun 
ning, who has been in management 
for 350 


previ 


from 
where 


production and engincering 
veal 

PA promotion and an 
its executive staff have been made by 
l'exas Instruments, Inc. Raised to vice 


president of the Semiconductor Prod 


iddition te 





Brush Magnetic Heads 


B8K-1300 series—up to 25 
interlaced chonnels per inch 


BK-1500 series — ultimate in 
precision-made multichannel! , lowgraph enlargement 
heads shows pre ion construction of 


magnetic head with 15 channels per inch 


MORE TRACKS PER INCH 


with perfect channel spacing 


BK-1605 series—simple mount 
ing and adjustment, ideal for 


drum computers few magnification check is one of many that verifies accurate 
channel spacing and alignment of Brush multichanne! head 
In some cases, tolerances of less than .0002 in. must be observed 


This precision pays off in performance—permitting interlacing 
of heads for greater density of information. Thus you can design 
computing or data handling equipment with increased storage 
capacity. In addition, dimensional accuracy permits inter 
BK-1501 series —compect 


Raiiihin. novnds iodiation! changeability and standardization 


adjustment 
For complete information on standard magnetic heads, o1 
special designs to your requirements, write Brush Electronics 
Company, Dept. W-2, 3405 Perkins Avenue, Cleveland 14, Ohio 


BRUSH ELECTRONICS COMPANY 


HDUSTRIAL AND RESEARCH INSTRUMENTS 
TRIC MATERIALS + ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT ANDO COMPONENTS 


BK-900 BK-1000, BK-1200 PIEZOEL EK 
series —-variety of types for 
single channel applications 





\ . 
\\ Have You A Design Problem WHAT’S NEW 
Involving Switches ? 


ucts Div. is General Manager Mark 
Shepherd, Jr., formerly assistant vice 
president of the division; and joining 
the company as director of service 
engineering of the Apparatus Div. i 
Maj. Gen. Charles F. Born, retired 
Shepherd served in the Apparatus Di 
until the Semiconductor D va 
formed m 1953. Born will hane 
engineering liaison with the Dept. of 
Defense md = defense jupment 
maker 
> Edward J. Lunney, who has been 
with the Wright Air D lopment 
Center since 1940, has joined Bari 
Controls, Inc., as chief engineer of it 
Research & Analysis Dept. Much of 
his work at Wright had to do with 
hock and vibration analysis, a field 
in which Barry pl. ys a big role 
P 'l'wo companies have appointed out 
standing engineers as their director 
of research. Dr. Ernest A. Keller, who 
takes the post at Panellit, Inc., 
responsible for the very first full 
automatic telephone answering device 
) and for the first digital computer to 
Qygp ACTION be built in Switzerland. He poss Si 
~ his doctorate in technical science in 
? : Zurich, where he w i technical 
micro-switches executive with Odcerlikon Machine 
lool W orks R. kK. Lovejoy, named 


by Computer-Measurements  ( orp 


Whether you're designing a new 
product or redesigning an exist- 
ing one, chances are that the 


Acro switches can ease your path. Most a ae hie 
Ran 4] 4) - omes oO esearch fy. Co 
Can Meet 


You see, no other line of snap- where he was instrumentation engi 


action switches comes in so many : amehts neer. He contributed to many un 
standard types. Hence, you can, Keguit - derwater and sound communication 
in all probability, profit from the OFTEN REDUCE developments in sonar and mine d 
important savings of being able COSTS, TOO tection equipment 
to use a production line Acro P The new senior project engineer of 
switch for your special needs. ™ tne — oe Diy 
7 “ " . of onrro cCTVICc( ll 
oar mars may a ee se ont Write for Robert F. Lesley, formerly research 
tunity to improve your products ; ay ae 
‘ ae lve pro- CATALOG engineer of Bendix’s Products Diy 
performance dlr raciiasee P Lesley, who has designed controls for 
duction bottlenecks . . . to lower This 36-page switch high-speed aircraft and _ helicopter: 
costs. Why not find out today? euveing ostenge b every holds patents on devices for pilot 
Write us and one of our sales gives operating | char- escape at supersonic speed 
engineers will call. ond other specifications P The promotion of Robert S. Buritz 
yng Rrggh «ah to the new position of chief project 
your copy today. engineer of ‘Thomas A. Edison’s In 
strument Div. is a salute to the divi 
sion’s growth. Also, the appointment 


The Biggest Line of Little Switches | is in line with Edison long-range 


| plan to expand the division and t 
ACRO SWITCH DIVISION a | put more emphasis on new product 
ft development. Before joining Edison 
in 1951, Buritz was with Westing 
house Research Laboratori Radio 
ictive Products, Inc., the University 
COM = of Michigan's Institute of Engineer 
R \ N G “ A N y ing Research, and W tinghou ( | le 
tric Corp. William H. Balentine b 
COLUMBUS 16, OHIO comes manager of plant operation 
also a new post in the division 


Plants at Columbus and Hillsboro, Ohio > Dr. John B. Russell, who headed 
REPRESENTATIVES IN ALL PRINCIPAL CITIES Columbia University’s Dept. of Ele 





MANUFACTY 
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Sserwo 


@ Tests AC, DC or 
carrier servos 


@ Plots high accuracy 
Nyquist diagrams 


@ Covers 0.1 c/s to 1,000 c/s 


@ Independent of harmonics, 
noise & spurious frequencies 


@ Answers G.M., fire-control, 
simulator, computor, vibration, 
magamp and all servo problems 


Cables: Solartron, Thames Ditton. 


trouble shooting 


with the Solartron Transfer Function Analyser 


Instability, backlash, underdamped response all these 
problems can be identified, measured and rectified with 
the aid of the Solartron T.F.A. Now adopted as the 
standard British test equipment for all Guided Missile 
development and testing. It has recently been hailed in 
the U.S.A. as the world’s foremost servo test equipment. 


For further information apply to 


mM. E. Gerry and Co.. 290 Bayard Road pper ) : 

Western instrument Co.. 826 North Victoria Boulevard B 

Feedback Controls Inc 1332 North Henry Street, Alexandria 

CANADA 

Computing Devices of Canada Led., 311 Richmond Road, Octawa. Tel : Parkway 2-6541 


BCTROWIC GROUP LTD. 


DITTON, SURREY, ENGLAND. Telephone: EMBerbrook 5522. 
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NEW! 2 
io WAe- wound 


w 1 100K 


/ 


PRECISION 
POTENTIOMETERS 


Now You CAn specify a Waters pot for your miniaturized designs 
that require SOK and 100K potentiometers. In the reliability-proved 
construction of the AP-'2, these new, higher values give you: 


® Resistances — 10 ohms to 100 kilohms 
© Ganging — up to four units 

Three mounting styles — plain-bushing, 

split-bushing, or servo 
Three terminal styles — radial, axial, 
or wire-lead 

® Automation models — for printed circuits 
e Encapsulated designs available 


General specifications: Centerless-ground, stainless-steel shaft can 
be sealed with O-ring; gold-plated, fork-type terminals; 2% standard 
linearity for SOK and 100K —5% for lower values; temperature 
range —55 to + 105C, to 125C on order; 2 watts at 80C; anodized 
aluminum body 2” diameter x 4%” long-— %” long for 100K; 
corrosion-resistant-alloy bushing; all electrical connections spot- 
welded or soldered; can be furnished with stops or for. continuous 
rotation. 


Write for your copy of our new data sheet giving useful 
information on these compact, dependable potentiometers. 


WATERS MANUFACTURING, inc. 
Ma 
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WHAT’S NEW 


trical Enginecring until his appoint 
ment as consultant in General Elec 
tric Co.’s Electronics Laboratory last 
July, is now manager of the labora 
tory’s engineering analvsi 

His principal area will be 

ind theoretical electroni 

that will arise in the Electroni 

P Robert J. O’Brien, appoint 
istant manager of the Mechanism & 
Research Dept. of Armour Research 
l’oundation, Illinois Tech, has headed 
two significant projects since joming 
the Foundation in 1946. One project 
developed 1 fundamental ipproa h te 
power train gearing for N hip 
the other wa 1 study of atom blast 
effects on structure O'l 1 sp 
ialist in dynamics and sti inal 


4y 
) 


i the man _ behind 1 Foundation 
conference on automation, scheduled 
for the 14th and 15th of this month 
P An electrical engineer i ph 
hemist, and two mathemat 

isticians are the latest additions to the 
taff of the National Bureau of Stand 
ird Pheir name in the above 
order ind their r pective ection 
irc: Leonard ‘Taback, Analog System 
Dr. Kurt E. Shuler, ‘lemperatur 
Measurements; Joan R. Rosenblatt, 
Statistical Engineering, and Mary G 
Natrella, Applied Mathemati | 
back, who rejoins the bureau. hac 
been with Feedback Control In 
Ahrendt Instruments Co., and Hasting 
Instrument Co. Shuler cor from 
the Chemical Physics Group 
Hopkin ; Applied Phi it I 

Mi Rosenblatt ha had 
experience with the Uni 
North Carolina’s Dept 

the Bureau of the Cen 

Bureau of the Budget. M1 

who also rejoins the bu 
erved with the Navy Dept Bure 
f Ship ind at the Aberdeen, Md 
Proving Ground 

PAs Leslie Co.’s new director of 
manufacturing, Alfred A. Fuhro will 


IVETSEE production of his company’ 


team, air, and liquid pr regu 
lation equipment and it im and 
ir warning whistle 

P lischer & Porter Co. and Barber 
Colman Co. have appointed two new 
ipplication engineer They are Jerry 
IL. Magner, who comes to F&P’s 
Municipal Div. from Infilco, Inc., and 
John R. McCauley, who goes from 
the Cleveland office to the Rockfor 
Ill., office of B-C’s Wheelco Di 
Other Wheclco chang Philip D 
Herez (Cleveland to New York), Lt 
Roy E. Peterson (sales engineer at 
Chicago), and Kenneth Galloway and 
Charles B. Sticha Idit 
Cy ' 
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DO ENGINEERS GET JOBS T00 EASILY? 


Never before have so many jobs been open to the 
engineer, Just because jobs are so abundant, it’s 


harder than ever to choose the right one. 


At IBM, leader and pioneer in a promising new field 

| | 
of computer design and development you Can possess a 
job opportunity unprecedented in the recent history 


of electronics: to work with the world’s largest computer! 


Growing by leaps and bounds, this operation offers 
you unlimited opportunities. You will receive 
advanced computer training at IBM's Kingston, N., Y. 
school; undertake responsible assignments at 


permanent locations throughout the Eastern U.S. 


Employing the latest computing techniques, you'll 


gain experience unequalled anywhere in electronics. 
And every channel of advancement in this accelerat- 
ing project will be open to you. The future never 
looked better at IBM, long a leader in its field. 


If you possess a degree in E.E., M.E., or Physics, 
write now to N. O. Heyer, International Business 
Machines Corp., Room 2602, Kingston, New York. 
We can arrange a personal interview to discuss your 


career objectit es. 





Producer of electronic 

data processing machines, 
electric typewriters, 

and electronic time equipment 


Customer Engineers: opportunities are also 
available, locally, for men to service IBM’s 
vast line of electronic and electro-mechanical 
machines, after training with pay. Contact 


your nearest IBM office 
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Over the twelve years that Fairchild has 
been making precision potentiometers — 
from our first unit (Type 736), on through 
the more than eighteen different types 
now in production — we have established 
and are carrying out a research and 
development program on new designs 
and materials, techniques and equipment 
that is constantly improving our 
potentiometer reliability. The results of 
this program are quickly applied to 
production units and these improved 
methods and designs are maintained by 
comprehensive quality control and 

type testing programs. 


~~, 


MAXIMUM RELIABILITY... 


how do you get it? 


Reliability in precision potentiometers resolves itself into three 
basic factors; longer shelf life, longer rotational life, and longer 
environmental life. Fairchild has increased the average shelf and 
rotational life expectancy of precision potentiometers far beyond 
usually expected life cycles, in one way, by compounding and 
using special potentiometer lubricants. Life expectancy and 
stability under abnormal operating conditions have been vastly 
increased through the use of precision-machined aluminum alloy 
case construction. Epoxy resin insulation, one-piece Paliney 
conductive springs and contacts, and precious metal alloy 
resistance elements, for certain applications, also contribute to 
increased life and functional reliability. Whether one or all of 

these factors of reliability are important to you, you'll do better to 
choose Fairchild Precision Potentiometers. For specific facts, 

write Fairchild Camera and Instrument Corporation, 

Potentiometer Division, 225 Park Avenue, Hicksville, 

Long Islond, New York, Department 140-64C2. 


IRCHILD 


PRECISION POTENTIOMETERS 
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Hnivac 


for a secure and 
LASTING 
FUTURE 


t Remington Rand 

Univac you will enjoy creative, 

challenging work in research and de- 

velopment on important new applications 

in mechanical and electronic engineering. You 

will work on a project team and learn all aspects 
of your project. Pulse circuits, magnetic cores, 
transistors, printed wiring, miniaturization, 

and precise mechanisms are used in design- 

ing computers, automatic data handling 

n ancient times it took 100.000 and control systems and special weapons. 


men over 


years to construct the great There are other excellent production, 


vramid of Cheops , = ; ; 

Pyramid of Cheop testing, specifications, quality con- 
, 1 : 

In. this Modern era, Remington. Rand's Univac, trol, contract administration, 

operating for the United States Bureau of Census . . ° 

’ ies my logical designers and technical 


can compress 4,000 minutes elimal lalaeimiliil miilieme al. 


Oe a writing positions. 


MD codede an 
| BF > 
pee 


’ 
: 


——? | ) 
Send complete resume to ——_ 
OPENINGS FOR 


= 
Electronic Engineers \ ‘ Memingtorn. Ftand Hniwac. 


Mechanical Engineers DIVISION OF SPERRY RAND CORPORATION 


matomaticlens 1902 WEST MINNEHAHA AVENUE, SAINT PAUL W4, MINNESOTA 


Industrial Engineers MR. D. A. BOWDOIN MR. R. K. PATTERSON MR. FRANK KING 

Programmers - \ Dept. FP-7 Dept. FS-7 Dept. FN-7 

Physicists ~ 2300 W. Allegheny Ave. 1902W. Minnehaha Ave. Wilson Avenve 
Philadelphia, Pa. St. Paul W4, Minn. South Norwalk, Conn. 


* 
. 
° 
* Computer Sales Engineers 
. 
7. 
e 
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MAGNETIC FREQUENCY DETECTOR 


Measures Audio 
Frequencics | yirect \ 


Magmeter is an entirely new product—the 
result of Airpax leadership in developing 
magnetic components. The Magmeter pro- 
duces an output signal directly proportional 
to the input frequency. 


In the circuit shown, the 12AT7 dual 
triode drives the Type F-948 Magmeter over 
the rated frequency range of 0 to 500 CPS. 
A 0-500 microampere meter, connected to the 
Airpax Magmeter, indicates frequency 
directly. A resistor in series with the meter 
calibrates the circuit when it is installed. 
Once adjusted, the Magmeter holds the cali- 
bration for long periods of time to at least 
2% of full scale. 


The Magmeter is completely contained in 
a can 1'4 inches high and 1', inches in dia- 
meter with a standard octal base. This com- 
pact component weighing only 3.4 oz. can be 
used wherever frequency is measured: in test 
equipment, AC servos, speed indicators and 
controls, and power frequency regulators. 


You probably have an application in 
which this one component can replace con- 
siderable circuitry. We have a detailed data 
sheet ready for you, just write to 


3. 86-4 
I “naw 


CHARACTERISTICS 
RANGE: 0 to 500 CPS (other ranges 
available on special order) 
ACCURACY: +2% 
temperature 


of full scale plus 
variation of 500 ppm/C 
WAVEFORM SENSITIVITY: less 
than 1% change in indication for sine, 
triangular, and square waves of same 
rectified average value 

SHOCK: 30g shocks of 114 1 milli- 
seconds duration in each plane, case 
clamped 

VIBRATION: 10g in each plane at 10 
to 55 CPS, case clamped 
TEMPERATURE: 55C to +72C 
operate; —65C to +85C storage 

LIFE: comparable to that of a well 
made transformer 

ENCLOSURE: hermetically sealed 


DEesiamers ENGINEERS 


MIDDLE RIVER 


956 


BALTIMORE 20, MD 
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Break Through The PROBLEM Barrier 


Mare and more engnees ave turning fue to 
Electronic Atsocotes Anclog Computing 
Groups to conquer the problem bernie for in 
thage Groups they had on unporoiieied occu 
acy, robabilty and flexibity that hes beer 


In their guided missile and other research proves A comptes Group ond sat avabin 
programs, the Ramo-Wooldridge Corpo- instetle Apodeter Compaches Come be 


enter yout 
ovtede Princeton, New jeney, We will obo 


ration demanded absolute reliability in Stell Meath Genet on xt tab tan of bia 
their analog computing equipment. They Setieb debcion fois Gores os 
selected EAI's Precision Analog Comput- eee glee 3 
ing Equipment. Another example of two 
leading companies joining hands to 
break the problem barrier through pro- 





SETS THE hae. Cc E 


gressive engineering. Details of PACE ee 
equipment on request, Dept. CE-2. : 








ELECTRONIC 


ASSOCIATES EAI SETS THE PIiAIiCicE 


PRECISION ANALOG FCOMPUTINGI EQUI PMENTI 


LONG BRANCH, NEW JERSEY 
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INDUSTRY’S 
PULSE 


How Well Is 
Power Controlled 2 


Control techniques started early and have paid off handsomely 
in the power business. Since 1900 power process ethciency 
spurred by control, has increased over 600% .—from 1/6 kwhi 
per pound of coal to better than | kwhr. In the same period, 
sources of specialized power control equipment have swelled to 
20 firms, whose shipments to central stations alone represented 
a cool $20 million in 1955 

he new control engineer, girded with the postwar tools of 
mathematics and analysis, should be piqued by the way power 
is controlled today. He sees techniques that achieve remarkabl 
efhciency by what some consider “seat-of-the-pants” engineer 
ing—techniques that can't be ignored, simply because a power 
plant is as tamiliar a sight as the corner movie house. Small 
wonder that power plant trends and practices still exert a broad 
influence on the art of control 

Just what are these trends? A 42-item questionnaire by th 
Instrument and Controls group of the Edison Electric Institut 
put into bold relief some vital facts about the way new and 
pending boiler-turbine installations are controlled. Full replies 
came from 46 LEI member companies, whose new power units 
range in size from 50,000 to 260,000 kw 

First, the most obvious trend: a move from local to central 
ized control. Fully 70°. of the plants in the survey control 
boiler, turbine, and electrical functions from a central control 
room—and the majority of these involve multiple generating 
units. ‘The shift to centralized control has also altered man 
power requirements. ‘I'wo-unit plants with central control 
require only two operators, as against four for similar plants 
with localized control. In four-unit power plants the manpowe: 
ratio is four to seven 

Other trends are apparent in the actual character of the cor 
trol room or panel. Companies with centralized panels find 
they use 25% less space in mounting control equipment. A 
big reason: 55% of the central panels use miniature devices as 
against only 25% of the local boards. Miniature indicators and 
controls predominate—40)‘~ use the former, 35° the latter 
only 15% have gone over to the tiny recorders. ‘There seems 
to be no strong feelings about the way controls are mounted 


It confounds 
the experts 


More “minnies” 
on central panels 


FEBRUARY 1956 4] 








lf you control movement of machines, traffic or materials, it'll pay you to use 


Aq la kp mercury relays 


The new Adlake Mighty Midget relay, like all Adlake relays, requires 
no maintenance whatever...is quiet and chatterless...free from explo- 
sion hazard. Dust, dirt, moisture and temperature changes can’t affect 
its operation. Mercury-to-mercury contact gives ideal snap action, 
with no burning, pitting or sticking. Write for catalog and information. 


The Adams & Westlake Company 


Established 1857 «* ELKHART, INDIANA «+ New York « Chicago 
the original and largest manufacturers of mercury plunger-type relays 
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a third use upright panels ouly, another third uprights plu 
consoles, and the rest use integral combinations. About 30°. 
of the companies now have graphic boards 

Specifics on the kinds of boiler controls reveal clearer prete 
ences. All-pneumatic systems for combustion control do the 
job in 50% of the plants, all-electric in 20°, and all-clectrom 
in less than 5°... ‘The remaining installations rely on combina 
tions of two or more of these types. Other tacts 
Pover 40% of the’ plants bring drum level to the panels with 
closed-loop ‘I'V—and the central panels lead in this two to on 
> S0% have installed O, or CO, recorders as combustion guides 

-but the former outnumber the latter by almost two to onc 
> there is a strong trend to safety monitoring many tempera 
tures and pressures, previously collected on foot, now come m 
to the panelboard, and all plants have installed annunciators 

Definite information on turbine control techniques showed 
that all plants now use one or more devices to supervise manu 
ally or automatically from the panel. A few examples 
P almost 60% report a minimum of four recorders for shaft 
eccentricity, speed and cam shaft position, vibration amplitud 
and shell and differential expansion. One new note: six com 
panies now have a bearing pedestal vibration recorder 
> 80% are able to trip the turbine from central control. Most 
common automatic trips: overspeed, loss of vacuum, low lub 
pressure. Only one plant trips its turbine on loss of fuel 
Pabout 40% rely on hydrogen temperature control from a 
central pane!—but none is set up for controlled purging 

As these sainples of the EEL survey show, the art of power 
plant contro! is still in evolution—even though the averag 
power factor for plants in the survey is already at 0.85. ‘This 
might make even our new control engineer wonder if further 
sophistication is really necessary. Certainly he'll think twice 
before he attempts to apply his tools of synthesis and analysis 
to the process And. if he does many an old hand will probably 
caution, “Slow down, sonny.” 





Is more 
sophistication 
really needed? 


! 
|] 


j 
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A MESSAGE TO AMERICAN 


INDUSTRY 


ONE OF A SERIES 


Business Investment Holds Key 
To Both Growth and Stability 


Wi hat federal tax policy will best promote 


both growth and stability in the American econ- 
omy? The Joint Economic Committee of Con- 
gress has been asking this crucially important 
question in public hearings. This editorial sug- 
gests one vital part of the answer. 


The proposition advanced here is that— 


Tax policy must encourage a continuing 
high level of business investment in new plant 
and equipment, because such investment 
makes a special contribution to both eco- 


nomic growth and economic stability. 


Growth Needed for Security 


We must have both growth and stability. 

A vigorous economic growth is essential to 
our national security. As Congressman Wilbur 
D. Mills said in launching the Joint Committee’s 
hearings, “The present complexion of world af- 
fairs places a premium upon strength and 
growth in our national economy.” Growth is 
likewise a major ingredient of a healthy domes- 
tic economy. Growing enterprises and growing 
communities offer far more opportunities for 
satisfying careers than those which are not 
growing. 


A reasonably stable economy, without violent 
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ups and downs, is also essential to our national 
welfare. Extravagant booms and their more or 
less inevitable result, severe depressions, waste 
labor and resources and cause great human 
misery. Both major political parties have ac- 
cepted the obligation imposed by the Employ- 
ment Act of 1946, that the federal government 
work to maintain high and stable employment. 

There is general agreement that the key to 
economic growth is investment in new 
plant and equipment. Growth depends de- 
cisively on new facilities to increase production, 
and also to produce new and better products in 
new and better ways. At the same time, new 
plant investment provides employment for the 
important, and well-paid, one-fourth of our in- 
dustrial workers who manufacture and build 
new production facilities. So if the process of 
business investment is kept on an even keel, the 
result is not only growth but also stability in a 
substantial sector of our economy. 

But authorities disagree on the possi- 
bility of maintaining a high level of busi- 
ness investment for any great length of 
time. Some fear that it will lead to an ex- 
cess of producing capacity and the glutting 
of markets, with recession or depression 


t 


not far behind. 





The history of our country offers some basis 
for the fear that it is dangerous to maintain a 
very high level of business investment. There 
have been times when the economy has suffered 
under the weight of excess producing capacity. 
This fear, however, has been made obso- 
lete by the recent course of our economic 
history which, in its earlier phases, nour- 
ished the fear. 


The World Has Changed 


Here are some of the major considerations, 
cited at the Joint Committee hearings, which 
support the conclusion that we not only can 
have a high level of business investment and 
economic stability but that we actually need a 


high level of such investment to assure stability. 


(1) Over the next 20 years our population 
is expected to increase by about one-third. 
But most of the population increase will come 
in age groups younger or older than normal 
working ages, and people will probably work 
fewer hours per week. Thus hours worked are 
not expected to increase more than 15%. 
Consequently, we must have a relatively large 
increase in the amount of production equip- 
ment per worker if our standard of living is 
not to suffer. This means a high level of new 


investment. 


(2) About half of our present business in- 
vestment goes to replace worn-out equipment, 
rather than to expand capacity as was true 
during the early stages of our industrial de- 


velopment. 


(3) Thanks largely to the impact of or- 
ganized research—for which we as a nation 
now spend about $4 billion a year—a large 
share of capital investment now goes to pro- 
vide new products and new processes, rather 


than to expand existing capacity. 


These developments make it unlikely that we 
shall develop the burden of excess capacity that 
plagued the economy in earlier periods. More- 


over, most capital investment plans are 


now made on a long-range basis. Compa- 
nies are building facilities to anticipate 
their needs for several years ahead, This in- 
crease in long-range planning has reduced the 
disturbing effects of temporary shortages and 
excesses In produc ing capacily 

The record of recent years speaks for itself. 
Business spending for new plant and equipment 
in 1955 was over $29 billion. This continued 
the high level of investment that has been main- 
tained for the past ten years—a decade remark- 
able lor both Impressive growth and gratilying 
stability. A McGraw-Hill survey of preliminary 
plans for 1956 indicates another year of in- 
creasing investment, and expanding business 
activity. 

Tax policy, to be successful, must con- 
sider this impressive contribution of busi- 
ness investment to both growth and sta- 
bility. 

Of course, the level of investment depends on 
many factors other than federal tax policy. The 
degree of business confidence is important, So 
is the strength of consumer markets. So is the 
attitude of organized labor toward the use of 
more efficient machinery. But tax policy is a 
crucially important factor. And it is becoming 
more so with new developments in our changing 
economy. These development indicate that tax 
policy must be geared to foster a high level 
of business investment, if the dual objee- 
tives of economic growth and economic 


stability are surely to be attained. 





This message ts one Of a series pre pared by the 
McGraw-Hill Department of Lconomics to help 
increase public knowledge and understanding 
of unportant nattonu ide deve fopments that are 
of particular concern to the business and pro 
fessional community served by our industrial 
and technical public ations 

Permission is freely extended to neu papers 
groups or individuals to quote or repriuu all or 
parts Oo} the text, 


Reuatd CMelvar , 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 
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testing Gomponents with Burroughs pulse control systems 


modern methods for testing cores 


The future of magnetic cores in information handling 
systems is already well assured. Their high reliabil- 
ity, fast action, small size, and low power consump- 
tion stimulate the imagination of more and more 
engineers working in data processing, weapons 
systems, and control. And every day finds these new 
components included in more new designs. 

One problem still facing those who want to exploit 
these exciting properties is the lack of precise 
uniformity in cores made on a production basis. 
For as Burroughs has found through 5 years of 
working with the pioneers in core applications, 
uncertainties still exist. And before cores become 
standardized, many changes will probably be made. 
Those who want to take advantage of the great 

TESTING TAPE-WOUND CORE potential in this new component now must use 
: reliable test procedures which precisely check the 

tolerances of each core, and are versatile enough 

to check for the new core specifications of tomorrow. 

Burroughs Pulse Control Systems answer this 

i need for leading manufacturers and users of cores 

aa hl g ae dey by simulating the actual conditions under which each 
o Tear Pee core produced will eventually operate. When con- 

Dien ditions require a change in core operating character- 
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al delay to 


. Which Sets 
pol Polarity and 





ee ae (i leone istics, the testing system is changed at will, in a 
Petes teen ot n : matter of minutes, to meet the new requirements. 
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TESTING FERRITE CORES 


Shown here are typical examples of how these 
core manufacturers, including Burroughs own core 
production department, use Burroughs Pulse Con- 
trol Systems to check tape wound and ferrite cores. 
An interesting booklet describing core testing in 
greater detail is yours for the asking. But if you 
want to test another component by digital techniques, 
just send us your problem. We'll be glad to work it 
out, at no cost, and show you how Burroughs Pulse 
Control Systems can save you hours of engineering 
Electronic Instruments Division * 1209 Vine Street * Philadelphia 7, Pa time and production headaches. 


BURROVUGAS 
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Don’t Ignore 


A Simple Lesson 





Just before the Christmas season, a group of physicists and top-grade 
control systems men with the courage of their convictions withdrew from 
the Missile Systems Div. of Lockheed Aircraft Corp., a mayor airframe manu 
facturer. (See What's New, page 24). The split made exciting news to a 
general public conditioned by announcements that the whole missile program 
was being accelerated by a billion dollar budget for 1956. But for control 
systems engineers, whatever their industry affiliation, the event had an impli 
cation that surpassed its news value. Most of these men have deep-seated 
convictions about how they should do their jobs. ‘Their basic tenets were 
laid down by Consulting Editor Gordon $. Brown and associates in a talk 
at the Engineering College Research Council's 1949 meeting. ‘They pro 
claimed that fitting controls to an already frozen weapon or manufacturing 
process puts binding limits on performance; that best results come when a 
systems feam integrates a design program all the way from idea to field trial 
In the growing number of places where this philosophy is practiced, the 
lines of autonomous engineering departments have opened for interchange 
of ideas and methods and the systems engineering teams have become influ 
ential in major policy. ‘These effects of strong systems cngineering thinking 
at-work and equally strong reactions to them are at the root of the split in the 
airframe manufacturer's ranks 

What lesson does this suggest to the control engineer in industry? Dean 
Wooldridge, President of ‘The Ramo-Wooldridge Corp., summed it up force 
fully when he said, “The lesson the government has learned at a cost of 
many millions of dollars — that the integrated systems approach is the proper 
approach to complex systems—is strictly applicable in business and industry.” 

How many times must we learn the simple lesson? ‘The cleavage at Lock 
heed occurred, not solely because dissident faction insisted on their preroga 
tives, but because the simple lesson was ignored. ‘The design of the airframe 
was fixed and then the control engineers were called in to hang control devices 
on it. Their success was compromised unnecessarily. Designers of automatic 
processes for business and industry take heed: there is no compromise, no 


substitute, for integrated ystems cnginecning 


Plik;s EDITORS 
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New, 
convenient, 
compact 


High accuracy 
expanded scale 


Ideal for 
industrial use 


ns 1) 5SOOB FREQUENCY METER—$285.00 cemmmmmmcec 


Here's a list of the many industrial and laboratory jobs the new 
hp- 5O00B Frequency Meter can do for you quickly, easily and 
without elaborate setup 


Count sine waves, square waves and pulses. Indicate 
average frequency of random events. Measure beat 
frequency between rf signals. Determine oscillator 
stability. Measure crystal frequency deviation. Meas- 
ure temperature, pressure, weight and other physical 
quantities which can be converted to frequency. 


This versatile instrument also serves as a convenient automatic 
motor speed control, overspeed and underspeed control and 
makes possible a permanent record of frequency or speed as a 
function of time. And, it may be used for automatic control of 
quartz crystal etching 


hp- SOOB covers the range | cps to 100 KC and provides direct 
readings of high accuracy. Readings are not affected by either 
signal or line voltage variations. An expanded scale permits any 
10% or 30% segment to be viewed over the full meter range, 
making possible highly accurate measurements of differential 
frequency. A pulse output is provided to sync a stroboscope and 
continuous recordings of readings may be made on an Esterline- 
Angus recorder 


Model SOOB is extremely compact, light, easy to use and of 


quality construction throughout. It is also available as Model 
500C, calibrated in RPM. 


BRIEF 


Freqency Range: 
Input Voltage: 


SPECIFICATIONS 


1 cps to 100 KC. 9 ranges. 

0.2 v sensitivity (sine waves 

1.0 v min. (pulses) 250 v peak max 

Input Impedance: Approx. | megohm shunted by 40 
wut 

Better than * 2% full scale 

Convenient calibration based on line 
voltage frequency 

Recorder Output: Panel jack for 1 ma, 1,400 ohm Ester- 

line-Angus Automatic Recorder 


Accuracy: 
Self Check: 


Pulse Output: To trigger strobe, etc., in sync. with 
input. 

Panel jack with bias for 1P41 photo- 
tube, 40 “if shunt 

115/230 v = 10%, 50/1,000 cps, 
110 watts 

Size: 7%” x 11%" x 12%". Wt. 17 Ibs 


Price: hp- 500B or 500C: $285.00 


Data subject to change without notice. Prices f.0. b. factory. 


i r j i 
OOO ®6 6 
i i i i] i ; j 
SEE YOUR -hp- REPRESENTATIVE OR WRITE DIRECT FOR DETAILS 


HEWLETT-PACKARD COMPANY 


3506H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK” + TELEPHONE: DAVENPORT 5-4451 
Field representatives in all principal cities 


Photocell Input: 


Power: 


‘hp, ELECTRONIC MEASURING INSTRUMENTS 
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Nonlinearity in 
Control Systems 


In answer to frequent requests by readers for information on non- 
linear techniques, Control Engineering begins in this issue a three- 
part discussion of the subject. The parts and their topics are: 


PART 1 Basic Principles of Nonlinearity (T. M. Stout) 
PART 2 Methods of Analysis and Synthesis (R. J. Kochenburger) 


PART 3 Deliberately Nonlinear Systems (T. M. Stout) 


Part 1 immediately follows a thoughtful introduc- 
tion by a leading British worker in this field. 


WHERE NONLINEARITIES CAN OCCUR IN A CONTROL SYSTEM 











NONLINEARITIES: ree sien sealant fecocteriotles 1a wee 


ner who appli 
linear analysis, a simple technique, when analyzing 


AN INFORMAL APPRAISAL cece aie caaaiaie’ Genie aaa 
OF THE PROBLEM — 


In nature, nonlinearity is the rule rather than the 

exception. Consider the many natural nonlinear 

P . a ’ - 

by J. F. COALES, University of Cambridge, England mechanisms in the biological field that are nov 
being discovered and investigated. ‘These mechan 

isms, the result of millions of vears of evolution. are 
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eficient ana economical, and make it likely that 
nonlinearity will repay study and simulation in the 
field of engineering. 


WHERE THEY OCCUR 


Unavoidable nonlinearities occur in control 


systems. ‘The block diagram on the preceding page 
shows the major components of a feedback control 
system, and the following paragraphs review briefly 
the nonlinearity characteristics of each component 


COMPARATOR—Most known comparators, or 
detectors, behave according to a square-law relation 
ship, especially for small input signals. ‘Thus for 
highest possible sensitivity to error the comparator 
almost certainly will be nonlinear. But, if decreased 
sensitivity is allowable, the comparator may be used 
in the linear range. 


AMPLIFIER—This unit, which gives the neces 
sary high gain in the forward loop, saturates at some 
level. Good design makes certain that saturation 
occurs outside the working range of error signal, 
and local feedback reduces nonlinearity within the 
working range. However, both requirements need 
generous design and may therefore be uneconomical. 


CONTROLLER—The controller design will, in 
general, be in the hands of the system designer and, 
accordingly, should contain nonlinearity only as 
desired to improve system performance. 


MOTOR—The motor has a nonlinear torque 
input characteristic, and in any practical system 
there must be some upper limit to the torque output. 
As in the case of the amplifier, limitation of the 
working range to an essentially linear zone may 
require an extravagant design. Feedback can be 
used to linearize the motor characteristic, but this, 
too, will increase cost. 


LOAD-—Little can be said of the load character 
istics. However, a physical system must have inertia, 
and may include any of the common types of non 
linearity. 


TTRANSMISSION — The transmission, or connect 
ing links, between components of the system always 
include some degree of backlash and, in the general 
case, hysteresis. In addition, gearing exhibits errors 
of manufacture that introduce nonlinearity of the 
input/output characteristic. Reduction of these 
errors to a negligible magnitude is usually possible, 
but expensive. 


FEEDBACK—In general, the feedback loop is 
entirely under the control of the designer, and need 
not include any nonlinearity. Much of the work 
in nonlinear systems is being done to find methods 
of designing suitable networks which, when inserted 
in the feedback path of the controller, improve 
system performance. 
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BENEFITS OF NONLINEARITY 


Analysis and performance of linear systems show 
that certain simple nonlinearities will be beneficial 


NONLINEAR DAMPING—Generally speaking, 
the best response occurs when a linear system 1s 
underdamped at a relative damping factor of about 
0.6. Suppose, however, that the damping increases 
as the system error decreases. Then the system can 
reach zero error quickly and without overshoot 
Thus, the transient response is improved 


NONLINEAR DAMPING WITH NONLIN- 
EAR RESTORING FORCE—Consider the cass 
where random noise at the input obscures the error 
signal. ‘Then the system needs the highest possible 
restoring force for small error signals. But larg 
gain causes system instability and makes a high 
damping factor necessary. ‘Thus, small error signal 
need a long time constant and small bandwidth to 
reduce noise power and increase smoothing 

On the other hand, if there is a large disturbance 
high damping is no longer required. For now th 
system should reach its command point (zero error 
in the shortest possible time without overshoot 
But if the gain remains high for large input signal 
the system will require high output power, making it 
uneconomical, since it will probably run with small 
errors most of the time. Therefore, the ideal system 
under these conditions, requires nonlinear restoring 
force (nonlinear gain) and nonlinear damping 


ON-OFF CONTROLLER WITH DEAD 
ZONE—From the practical point of view, availabl 
output power or maximum output torque limits 
the performance of any servo system. A system that 
delivers full power, whenever correction is required 
reduces an error between input and output in thi 
shortest possible time. ‘That is, the output load first 
accelerates as rapidly as possible and then decelerat 
as rapidly as possible. Here, the changeover must be 
made so that the output comes into step with the 
input at the proper time. 

This changeover can be made with a_ perfect 
on-off controller, but it results in full power at all 
times as the motor drives the load, first in on 
direction and then in the other. Thus, the 
economical in motor size, but uneconomical in 
power consumption for slow input changes 

However, with a small permissible error the cor 
troller can have a dead zone of twice this erro 
Then, when the error has been reduced so that 
it is within the dead zone the motor switches off, 
and it will not be switched on again until the 
input has moved sufficiently for the error to exceed 
the dead zone limits. 

Thus, the motor always drives the load in such a 
way as to reduce the error to less than half the dead 
zone in the shortest possible time. When the error 
is within the dead zone no power will be consumed 
Now the system is more economical. 


system 1 





NONLINEARITY 
IN CONTROL SYSTEMS 


PART 1—BASIC PRINCIPLES: 


THOMAS M. STOUT, Schlumberger Instrument Co. 


When an engineer analyzes a control system he 
often assumes that it contains only linear compo 
nents. ‘This approach simplifies the analysis and may 
in some cases, vield sufficiently accurate results. ‘To 
get a realistic idea of performance, however, the 
engineer must usually consider system nonlinearitie: 
ind to do this he must apply nonlinear analysi 
Unfortunately, this is more difficult 

Nonlinear analysis predicts system performance 
ind answers these questions before the equipment 
is built 
@ Will the system be stable or unstable? 
elf unstable, are the oscillations of a small o1 
irge constant amplitude? 
¢ Or are they so unrestrained that excessive ampli 
tude creates damage to the system? 


In addition,- nonlinear analysis also suggests wa\ 
to improve system ope ration 


NONLINEARITY DEFINED 


Possibly the only way to define nonlinearit 
define a linear system and then state 
© anv system that is not linear is nonlinear 


Properties of Linear Systems 


1. A system is linear if the effect is proportional 
to the cause; that is, output is proportional to input 
Figure | graphically shows this relation. Mathema 
tically, it can be stated in this way: Suppose a curve 
is expressed as y =f(x). If f( kx) kf (x), the sy 
tem described by the curve is linear. For instance, 
this states that doubling the value of x doubles y 
Figure | also shows a typical nonlinear curve, such 
as the B-H characteristics of a magnetic iron cor 


Definition 


Representation 
Classification 
importance 


Non/inear> 


-_— 
ae 


Lineor 








FIG. 1. A linear system has a straight-line curve that 
shows that the output is proportional to the input How 
ever, the nonlinear curve does not follow this relationship 


wr 
os? 
7’ Nonlinear 




















FIG, 2. A linear system obeys the superposition principl 
for instance, doubling the input value of x doubles the 
output value, y. But on the nonlinear curve this propor 
tionality does not hold. Here, if the input increases by a 
ratio of 2, the output increases by a ratio of 5.4 to 3.8, 
which is not 2 but about 1.4 
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SAMPLING 


Sompling 


a 


Pati 





Switch 


= t 


Output 


SAMPLING 














Output 





QUANTIZING 


» 


A system is linear if the superposition principle 
applies. ‘This principle states that the combined 
effect of the sum of two causes equals the sum of 
the effects. Mathematically, then 


f(a + Ie) i (ry, tt (29) 


igure 2 repeats the curves of Figure 1, and explains 
in detail how the linear curve obeys the superposi 
tion principle and why the nonlinear curve does not 
Both curves represent static or steady-state system 
conditions. Vor transient conditions, only linear sy 
tems obey proportionality and superposition 

P A linear system obeys the superposition principle 
and if a system obeys the principle it is linea 


Differential Equations of Systems 


The form of the differential equation specifying 
the dynamics of a system also tells whether the 
system is linear or nonlinear 

1. Differential equations with constant coefficients 
or with coefficients that are functions of the inde 
pendent variable, are linear 

hw) + g(t) - + f(t)e = F(t) 
Here, the dependent variable is distance, x, and the 
independent variable is time, t. For instance, if 
a mussile uses its fuel (hence, loses its mass) as a 
function of time, but not as a function of x (its 
position, the dependent variable), its differential 
equations are linear 

2. Differential equations with coefficients that are 
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functions of the dependent variabl 


tives) are nonlinear 
d* 
dt? 


hia 
l‘or example, a spring whos¢ spring rate varies with 
its displacement, x, introduces the term f(x)x 


SAMPLING AND QUANTIZING 


Sampling and quantizing are frequently d 
as nonlinear. However, in view of the above 
> sampling is linear. As indicated in Figure 3, th 
sampling switch closes momentarily at regular inte: 
vals and produces a series of pulses. Each pulse 
amplitude is proportional to the input amplitucdé 
at the time the switch closes 
zero-order hold circuit that converts the sharp 
pulses into a corresponding series of broad pulse 
\ representation of the original signal is thus created 
having amplitude jumps of arbitrary size that occur 
at regular intervals. Methods for analysis of linea 
systems can also be used for sampled systems. But 
> quantizing is nonlinear 


These pulses enter a 


Figure 4 shows a com 


bination of analog-to-digital and digital-to-analog 
converters that produces a stepped approximation of 
the original input. In this case, the jumps are equal 
in amplitude and occur at irregular time interval 

hus, if the output is 3 units for any input between 
2.5 and 3.5 units, the proportionality between input 
and output disappears. ‘The nonlinearity due to 
quantizing obviously decreases in importance a the 
number of discrete output levels increase: 





REPRESENTATION OF NONLINEARITIES 


Several 
linearities 


ways are available to represent non 

Equation—The equation for a nonlinear circuit 
or system results from theoretical considerations and 
analysis. It can also be obtained by mathematical 
curve-fitting methods. A typical example of a non 


linear equation is: 
az bx 


he curve of a nonlinear system 
from experimental data (or from a plotted equation ) 
\ typical nonlinear curve (Figure 5) results from 
the measurement of the B-H 
magnetic core 
Incremental parameters 
change 


Curve comes 


characteristics of a 


Here the slope (rate of 
of the curve is determined, and plotted 
against the independent variable. In 
Figure 5 


the case of 

» represents the slope of the B-H curve 
plotted against H. If he 
readily determines 


and desires, a designe: 
then from this 


incremental inductance of the coil 


new curve the 
proportional to 
i function of current (proportional to H 

Describing function 
the 
is applied to the input, and the nonlinearity causé 
a distorted output that best 
Here 
and 
entails a Fourier analysis of the true output to obtain 


u i 
A describing function also 
nonlinearity of a system 


represent \ sine wave 


Then a sine wave 
ipproximates the true output 1s determined 
“best approximates” is in the mean square sense, 
its fundamental-frequency sine wave term 

[he describing function expresses the amplitude 
ind phase relations between the sinusoidal input and 
the fundamental-frequency component of the out 
put. ‘The amplitude ratio is defined as the ratio of 
the approximating 


amplitude Y to the input sine wave 


X. ‘The 


sine wave output peak 
peak amplitude 


the amplitude ratio i 


} 


/ 
‘ x 


and it is plotted against X. In general, another curv 
shows the phase angle, if any, between X and } 

Figure 6 illustrates the graphical determination 
of a describing function. Here, the nonlinearity 
from (single-valued) saturation, such as might 
For any peak amplitude (X 
less than a, the input-output relationship is linear 
However, for input than ath 
constant. Repeated 

for finding Y in 
Figure 6A develops the describing function in B 

In contrast to the transfer 
describing function is 
Sometimes 


COM 
occur in a servo motor 
values greater 


maximum output become: 


application of the procedure 
the 
frequency-dependent 
both transfer and describing function 
ire combined for $1 Representation 
of the true output by an approximating sine wa\ 
issues 


usual function 


not 
tem analysis 
that actual harmonics are attenuated 
Equivalent gain—This gives the best mean-square 


Thi 


ipproximation of output for random inputs 


( 


for the de 
ent 








iG. 5. A curve way to nonlinearity 
Here, a BH Hlowever, the 
incremental parameters of a system also serve to represent 
that system. Thus, in the above case, the i 
shows the parameter 


B-H curve 


incremental parameter curve 


ms one repr ent a 


curve typihes this method 
curve 
incremental characteristics of the 


The slope of the original curve develops the 
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FIG. 6. The describing function, which also represents a 
nonlinearity applies to the describing function method of 
analysis to be part of this 


discussed in the next SETICS 


method characterizes the input | m nite 
the inc Wave 


ait ( tor equi il 
those for the 


ontrasted to the peak amplitude if 
cribing function 
similar to 


gain are omewhat 


lescribing function 
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FIG. 7. An example of deliberate use of nonlinearity in a sys 
tem is the above circuit. Here, the circuit integrates a servo 
error signal and then limits the magnitude of the integrated 
signal to a desired value. 
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induction 
motor 
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FIG. 8. The torque of a two-phase induction motor depends 
on two variables, speed and control voltage. Since the speed 
torque relationship is not linear, this arrangement typifies a 
multi-variable nonlinearity. 


























FIG. 9. This mass and spring arrangement illustrates a system 
that has small signal and large signal nonlinearities. See text. 
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CLASSIFICATION OF NONLINEARITIES 


The nature of a nonlinearity determines its classi 
fication, as well as system performance and method 
of analysis. Nonlinearities may be classified in a 
variety of ways, but more than one classification can 
apply to a single nonlinearity 

Inherent or deliberate—Inherent nonlinearity de 
velops from the essential characteristi 
tem. For 
as inherent nonlinearities. ‘They can be minimized 
for a price, but they can never be fully eliminated 

\ designer includes deliberate nonlinearity for a 
particular reason—to improve performanc: 
7 shows a nonlinear circuit deliberately ed to 
limit the integral of a servo error. Here thi 
feeds the R-C integrating 
integrated voltage appears across the capacitor. ‘The 
circuit, with suppress ypacitor 
voltages greater than the bias voltage 

One- or multi-variable—The B-H curve 
5 represents a typical one-variable nonlinearit 


instance, backlash and saturat Year 


bigure 


erro! 
signal network he 


biased diodes, 
f Figure 
Here 
the flux density, B, is a nonlinear function of the 
magnetic force, H 
nonlinearity depends on more than one variabl 
l’or instance, the nonlinear torque-spec 
ship of a two-phase induction motor depen 
voltage 


But often a system or componen 


only on speed, but on the control 
shown in Figure 8 

Other examples of multi-variable nonlin 
the dependence of vacuum-tube plate current on 
both the plate and grid voltages; and val 
teristics, where flow depends on both stem 
and pressure drop. 

Small- or large-signal—Small signal nonlinearities 
affect static accuracy and initiation of oscillations 
(calculated from incremental parameters at an oper 
ating point). Large signal nonlinearities affect speed 
of response and size of oscillations (if any 

Figure 9 illustrates a system having both small 
and large nonlinearities. For a small region the 
force exerted on the mass is zero, but for 
displacements the force depends on the spring rate 
\ sudden large increase in the spring rate corr 
to a displacement limit. 

Single- or double-valued—Single-valued nonlineat 
ities have only one value of the 
variable for each value of the dependent variable 
his shows up, for instance, on the nonlinear curve 
of Figure 2. Double-valued nonlinearities occur in 
backlash and in hysteresis curves. Figure 10 
that one value of x results in two possible 
y. Hence, the nonlinearity is double-valued 

The describing function of a single-valued non 
linearity has zero phase shift between the input sin 
wave and the approximating output sine wave. For 
double-valued nonlinearities, however, the 
shift is not zero. 

Symmetrical or nonsymmetrical—The B-H curve 
of Figure 11A shows a symmetrical 


harac 
position 


larger 


pond 


independent 


hows 


ilues of 


phase 


nonlinearity 





But Figure 11B, the characteristic of a diode, show 
a nonsymmetrical nonlinearity. The output of a 
nonsymmetrical nonlinearity contains a constant 
or “de”, component, in addition to the approxi 


IMPORTANCE OF NONLINEARITIES 


Nonlinearities develop several undesirable eftects 


P static accuracy and precision degenerate in the 
presence of small-signal nonlinearities 

P response time or bandwidth varies with imput 
amplitude due to saturation 

Systems may be stable for some magnitudes of 
error signal and become unstable for others. Figures 
12 and 13 show the stability conditions for two 
different nonlinear system: 

Unstable limit cycle—In Figure 12A (where « 
is the error signal and e’ is its time derivative) a1 
unstable region surrounds a stable region. When the 
error signal falls within the stable region it follow 
path A, and diminishes, in due time, to zero. How 
ever, if the error signal starts out in the unstable 
region it increases, perhaps destructively, with time 
Figure 12B shows the transient response for these two 
possibilities. The design objective for a nonlinear 
system of this type of instability is to make the 
stable region as large as possible 

Stable limit cycle—F igure 13 illustrates the stabil 
ity characteristics of a different type of nonlinear 
system. Here the system is unstable for small error 
signals, but stable for large signals. If a small error 


(A) (B) 


FIG. 11. Curve A shows a symmetrical nonline 
arity, and Curve B, a nonsvmmetrical nonlinearity 


FIG. 10. Backlash is a typical double-valued non 
linearity. Note that at a single input value, x 
the output has two values of y, y, or Dhe 
value used depends on the past history of the device 


mating sine wave. When a system is to be analyze 
by the describing function method, this anal 
becomes easier if the ystem nonlinearit 
ymmetrical rather than nonsymmetrical 


occurs in the unstable region it 
limit cycle. But if the error is la 
the stable limit cycle. ‘Thus the error a 
an oscillatory state with some constant peah 
that never reduces to zero. In this case the de 
trics to make the unstable regio md hi 
maximum error, small enough to satisfy a 
requirement In some systems, both stable 
unstable limit cycles can occu 1 hi “urve 
higures 12A and 13A are “phase-plane plot In 
Part II of this article their use will be demonstrated 
in a practical example 

Other undesirable effects empliasize the import 
ance of nonlinearities. ‘They ar 
> subharmonics of the input frequency, which a nv 
linear system may develop at the output. ‘Thi 
phenomenon does not occur for all nonlineas 


! 
Ahi 


tems, but its appearance indicates nonlinearits 

P the “jump phenomenon” (sometimes encountered 
in taking frequency response data) as shown in Fig 
ure 14. Here the output amplitude is continuous up 
to point A, but then it suddenly drops to point B 
and continues on as a smooth curve with increasing 
frequency However, if the frequency decreases 
the amplitude is continuous to point C and suddenly 
jumps to point D, The “jump phenomenon” indi 
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_ Unstable limit 
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FIG, 12. This phase-plane plot indicates instability outside the unstable limit cycle. 
error signal magnitudes within the stable region, feedback reduces the error to zero. 
errors outside the stable limit cycle grow larger, perhaps with damaging effect. 


. 


FIG. 13. Another phase- 
error starts out in the stable or unstable region, it finally reaches an oscillatory condition, 
with peak amplitude determined by the stable limit cycle. 


FIG, 14. In a frequency response test a sudden jump in the 
characteristic indicates the presence of nonlinearity in the 
system. This is known as the “jump phenomenon”. 
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lane plot shows instability for small error signals. Whether the 


cates nonlinearity, but not all nonlinear systems act 
in this way. 

As might be supposed, the analysis of nonlineat 
systems is more difficult than the analysis of linear 
systems. Because the superposition principle does 
not apply to nonlinear systems, the input cannot 
be represented by a succession of steps (or pulses), 
or by a Fourier series. Therefore, we cannot find the 
response for each frequency or transient component 
and add the responses to get the total output. 

However, many methods have been developed for 
analyzing nonlinear systems. Some of the more 
prominent ways will be discussed next month by 
Prof. R. J. Kochenburger, University of Connecticut, 
in his article on methods of analysis and synthesis. 
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A Dynamic 
Root-Locus Plotter 


JOHN E. GIBSON 
Dept. of Electrical Engineering, Yale University 


THE GIST: The root-locus method for ana- 
lyzing closed-loop systems is a powerful 
tool. System damping ratio and damping 
constant for a given gain are immediately 
accessible from the plot. Insight can be 
gained as to the effect of system modifica- 
tions on system response. But each time 
the system is modified a new root locus 
must be plotted, a time-consuming job. 

The task is made easier by the “Spirule”, 
developed by Evans, and the electronic 
devices that are used to check arbitrary 
points in the complex plane to see if they 
are on the locus. But even a better way 
than plotting point by point is to continu- 
ously plot the locus of the roots, thereby 
simplifying the servo analysis. The follow- 
ing tells you how to build a device that 
will do just this. 


Lhe 


angle criterion ( 


dynamic root-locu plotter operat on the 
see Why the Plotter Work Plot 
and uitable scale, and 


the “poles “zeros” to a 


mount a precision potentiometer ibove each point 
Connect a battery across each of the potentiometers 
hen the 


ide of the pot is 


voltage between the pot md 


proportional to the an 
tion of the pot arm. Set all pot arm 
extensions intersect at a 
voltages, Rather than 


so that their sum equal 


itii oe 


sular posi 
o that their 
point, and add output 
idding the directly 
ISO) clk vhen the point 
inged to add 
I'hus the circuit acts as a null device 
\ simplified system that will accomplish this i 
Ihe circuit for each 


with the exception of t pot represent 


iil |e 


is on the locus, the angles can bi 


to zero 


hown in Figure | pol 

the samc 
ing the “pol nearest the origin 1} pot is ar 
ranged to measure 6, rather than 4 L tives the 
of the angles i 
the root 


i null 


itt 
zero when the a ! point is on 
ind the iCCild sil ty of 


achieved \ 


] 
loading proble mn, Since 


locu 
device i: pot 
no curre vhen 
the galvanometer is centered 
Additions ar 
device I he complete ystem | iown im Figure 
Ihe resistors, R adjust the oltage acro the 


lhe absolute value of the voltage j 


necessary to m i pract il 


pot unum port 


int. It is only necessary that all angle pot voltages be 


the same. Adjustment is described belo 
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FIG. 1—Simplified diagram of 


dynamic root-locus plotter 


Go/lvonometer 
J 








Lhe double-pole, double-throw toggle switch of series resistance. Without current limit 
marked “‘pole”-“zero” reverses the polarity of the sistance, the galvanometer overloads if the point 
battery, thus changing a “pole” to a “zero”. If far off the locus. 
two “poles” or “zeros” exist at one point, the angle The computing pots are mounted, shaft down, on 
must be considered twice. This is done by doubling a bracket, as shown in Figure 3. ‘The base plate 
the battery voltage on the computing pot at that is positioned so that the straight edge is on the 
“pole” or “zero”. Figure 2 shows this feature for the horizontal axis (or parallel to it in the case of com 
pole” nearest the origin, since the most common plex conjugate pairs). The notch on the base plat 
case of a double “pole” is at the ongin. It can be is also aligned with a vertical line through the ‘pol 
added to any or all of the other computing circuits or “zero’. ‘The various pot arms are directed 

The three-wire plug jacks connecting the comput at one point by extensions of stiff material, such 
ing pots to the control console add to the flexibility as plastic strip, or by stretched strings. ‘The string 
of the unit Ihe batteries are open except when is simple and works well 
actually being used. ‘The two terminals on the 
jack, shorted when the plug is out, permit a con 
tinuous galvanometer circuit The galvanometer Ihe absolute value of the battery voltag: 
witch adjusts sensitivity by adding various values important as long as the voltages acro 


Adjustment 


Section 3 Section 2 Section | 





Sleeve 








poor ts 


Off 
Tip Ret 100K 
Ring | Ee |e is ook] 
Sleeve an . aes 1OK 
Section | ies Jz - (s) 


(special for “poie" : Ga/lvanometer 
or "zero" neorest 
the origin) 





EE 


Section 


f= — 
: me 9 Galvanometer 
2 a a! owes , sensitivity 


-_ ~ 
ad ] cod | a T- switch 
All other “pole” “Zero” 
sections 
identical to 
section 2 Ga/vanometer 


FIG. 2—Practical dynamic root-locus plotter. All of the sections are identical to sec 
tion 2 with the exception of the one special section for the “pole” nearest the origin 
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g pots are identical. One of the batteries 1 zeros” of the function by fastening the bases to a 
chosen as a reference. Set the toggle switch at drawing board with thumb tacks or drafting tape 
“pole” and the pot arm extension at 90 deg. Com Adjust battery voltages as described above. Gather 
pare another unit to the reference by setting its toggl« the guide strings together, holding a pencil at the 
switch to “zero” and its arm to 90 deg. With all junction of the strings. Keep the galvanometer at 
other units removed from the control console, adjust zero while moving the pencil along the locu 
resistor R so that the galvanometer reads zero. Ad When a plot has many “poles” and “zeros” it may 
just all other sections in the same manner. When be convenient to hold the strings taut with spring 
adjusting section 1, set its toggle switch at “pol or weights 
rather than “zero When adjusting a double I'he lead photo shows a dynamic root-locus plot 
“pole n compare it to two single units that ter (he control console has provision for 10 


have idly been adjusted “poles and “zeros”, but only five ha een installed 


REFERENCE 


CONTROL-SYSTEM DYNAMICS, W 
Mount the omputing pots ovel the pole nd Graw-Hill Book Co.. New York, 1954 


puting 


Operation 


Computing por Straight edgge 





Bracket SS Fina ~ Short orm 


, 











hiGg. 3—Detail of angle 
mputing pot and bracket 





Side view 


WHY ‘THE PLOTTER WORKS 


| a on the haracterist K ero. As K increase th 


technigu 
tem, that is, the denominator of the nove along prescribed path 


n. Let the transfer from input to output of 1 point anywhere on the s plane 


terion if 1 wutomatical 

formed by vectors drawn fro 

the arbitrary point and the real ax 
! It m also be hown that if ¢ 
one 


mtain zero sumerator ta 


; 


yop gain function, To find the root 
equation (1 + A), set the denominator the angle tT ectors drawn 


] rbitt DOT ist bye htract 


inction equal to zero Thu 





{ | 


Za . 180 dew 
if | juation " me two redi 


minus on the magnitude o Complex (s) plane ¢ Angle 


net angle must be 15! 


) deg criterion 


n on hy : ? 
Arbitrary 6+ 65+ 6," 160 


h : point or 


tem the loop gain 


(; VGq +s) | 0,+ @,+ 0," O 
7 T;: 


Laplace operator, and 


In | xample 
_—— 


per 
1 Reol oxis 





The angles shown are the angles of vectors drawn 

hown it ompa from the poles to an arbitrary point in the 
wx the locus of points t plane. For a point to be on the root locus, these 
it the open loop pol eI mgles must satisfy the indicated angle criterion 
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How to Determine 
Impedance Components 
Graphically 


K. BURIAN and S. McMASTER EXAMPLE 
G-M Laboratories, Inc. 


lind the resistive and reactive component 
impedance Z equals 4,000 ohms with a laggi 


factor 0.5. Locate the impedance on th 
Given the power factor, the real and imaginary axl 


components of an impedance can be determined. 
Although this is a simple problem the chart below 
makes it even simpler. 


1.000 } « 10° ohm 


(In this case, N for the vertical and hor 


equals 3.) 
If the impedance is inductive, the power factor 


is lagging and the imaginary component is positive 
If the impedance is capacitive, the power factor is 
leading, and the imaginary component is negative 
Ihe impedance is expressed as 


Ihe intersection of the horizontal lin 
+ x 10° with the power factor line for R of 
black) determines a vertical line corresp 
a resistive component 


R = 2X 10° = 2,000 ohms 
Z R+ajX 
lhe intersection of the horizontal lin 
+ x 10* with the power factor line for X of 


color) determines a vertical line correspo 


The chart shows two sets of power factor lines, 
one set for the real component R (numbered in 
black), and the other set for the imaginary com 

, ye X = 3.4 * 10° & 3,400 ohms 
ponent X (numbered in color). The following 
example will show how the chart simplifies deter hus the total impedance is 


mination of these components Z 2,000 + 7 3,400 ohms 


Por iL 


-— 
Power factor for ; . rm j 
finding “R" > 


Power foctor for 
finding "x" 


2 (Onms) « 10" 


06 OF O8 O9 10 12 14 16 186 20 
R or X (Onms) « 10" 
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COMPONENTS AT WORK 


A 
FUNCTIONAL ANALYSIS 


OF AUTOMATIC 
LOGGING SYSTEMS 


In wet and dr process industries, power generatin and distributing 
stations, and in large-scale test installations, an accurate log of the 
operating variables is needed to determine plant efficiency, calculate test 
results, and analyze costs. In the past, operators had to read each individ- 
ual instrument and manually record its data on log sheets. This was 
unsatisfactory from the standpoint of operators tin time taken away 
from operating the plant—and from that of accuracy—considering the 
inherent inaccuracy of human observation 

Now systems are available that will log automatically. They vield a 
typed numerical record of process variables plus a punched paper tape 
that can directly feed into digital data-processing equipment. Account 
ing and engineering computations can be made without referring to 
handwritten logs or analog recordings 

Both recording and computing time is conserved. In addition, the log 
is more accurate and can be used to record variables at high speeds during 
“upset periods” —when the operator should try to correct the upset rather 
than record conditions that caused and resulted from it 

In Monitors Safeguard Industry's Processes September 1955) Con- 
rROL. ENGINEERING surveyed commercially available indication, alarm, 
and logging systems. Now, in this special report, various ways of per- 
forming and combining the functions that make up automatic logging 
systems are analyzed without referring to specific manufacturers’ products 
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COMPONENTS AT WORK 


DONALD C. McDONALD, DONALD 5S. SCHOVER, ASA B. SIMMONS, Cook Research Laboratories 


An automatic logging system divides into the eight in one direction being sactified for cased advant 
functional subdivisions shown in the simplified block ives in another. The following sect ranged in 
diagram of Figure 1. Some systems use all of thes the order of information flow, cover the method 
functions, others do not. In any case, there ar of mechanizing each function id consider the 
usually several ways to mechanize the individual haracteristi ind = suitability ndividual 
functions, each way depending on the requirement omponents or subsystems for sp tem 
of the specific system 

In mechanizing an automat logging ystem | TRANSDUCING 
there are requirements that must be met. Speed 
accurac\ ind reliability—all versus cost—usuall l'ransducers measure the pro iriab uch 
receive first consideration; ease of operation and iS pressure, temperature, and flov liver ignal 
maintenance are secondary factor that represents the variable and condi 

[he process itself usually determines minimum tioned and finally recorded. M transd re 
logging speed (he upper limit, not a definitel inalog, their nature correspond to t itinuou 
fixed, usually depends on the speed of the readout inalog characteristic of most pr riabl i] 
device In systems requiring high accuracy, high though a few digital output trans: e available 
speed circuitry can be used; but the speed of the Digital transducers deliver m l, pulse rate 
overall operation is still limited by readout or frequency output a tion of the variable, for 

The way that the output data is to be used dictate: ex imple ounting duis en r counting the 
the required system accuracy. In most cases, total revolutions of an impeller-type flowmeter. In the 
accuracy depends on the accuracy of the primary latter case, the rate of pulse generation indicates the 
transducer rather than on the accuracy of the rate of flow, while the numbe lses generated 
logging system. The choice between pecihic design represents total flow. An inher ly digital tran 
that have the required speeds and accuracy i ducer is one that can direct] t some physical 
governed by considerations of reliability and cost haracteristic of a substance t easure a variable 

Requirements also call for an operator and fo ions, for instance in be count oO measure partial 
periodic maintenance. These lead to the need fo icuum. ‘These transducers are fev | far between 
human engineering is well as ircuit engineering today, and most so-called digital transducer ictuall 
And automatic control, rather than simplifying thi onsist of a conventional analog transducer pach 
problem, complicates it, in the sense that a singl wed with an analog-to-digital cor ter. A pressure 
man is required to monitor many more processes and bellows with a motion-sensiti iriable frequenct 
ontrol he magnitude of this problem is evi senerator is an example. In either event 1 direct 
denced by the swing to “graphic” control panel digital output makes function V below ( Analog-to 
which give the operator a much greater “feel” for Digital Conversion) unnecessat ind the logging 
his job ystem can be somewhat impl hed. Since practi lls 

Ihe final form of an automatic logging svstem ill present-day transducer 


TS are r ft 


inalog t pe 


represents a compromis« of the above factors, desire thi report assumes that the pro being logged 
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TABLE | 


HOW TRANSDUCERS PERFORM IN LOGGING SYSTEMS 





TYPE OPERATING CHARACTERISTICS & REMARKS 


LINEARITY & SCALE FACTOR 





THERMOMETRIC TRANSDUCERS 





TEMPERATURE-TO- 
PRESSURE 
CONVERSION 


Change in temperature expands or contracts a liquid, liquid-vapor 
combination, or a gas, causing a change in pressure in a throttling 
channel, which is transmitted to a bellows or other expandable 
element. A secondary transducer is required, and the power avail- 
able will not, in general, permit direct connection to a logging 
system. Accuracy, maintenance, and calibration are also problems. 





TEMPERATURE-TO- 
ELECTRICAL 
CONVERSION 


Thermocouples and variable resistors (thermistors) fall in this class. 
Thermocouples deliver a variable emf and thermistors a variable 
resistance. In both cases, the magnitude of resistance or voltage 
is proportional to temperature. 

Thermocouples have been used with galvanometers for direct in 
dication, and thermistors with milliammeters. Again, these types are 
not suitable for direct connection to logging systems. However, 
these are often used with null-balance devices for indicating and 
analog recording, so that interconnection to a logging system can 
be simplified, Figure 2A. Any device that uses null-balance tech 
niques gives sufficient power gain to permit direct connection to 
a logging system. 

Where the galvanometer is paralled by the logging system, the 
same transducer may be used for both. Since parallel, simultaneous 
operation is usually impossible, sampling and switching is required, 
Figure 2B. 





COLOR MATCHING 
OR ANALYSIS 
(pyrometry) 


Pyrometers use the variation of visible infrared radiation with 
temperature change. There are two methods: matching the tem- 
perature of a controlled object with the object whose temperature 
is to be measured; and color analysis of the radiation to determine 
temperature. !n either case the indicator or recorder can use the 
null-balance principle. Usually the temperature range is not high 
enough to require the use of pyrometer devices 


The degree of linearity be- 
tween input and output de- 
pends on the type of trans 
ducer. However, all types are 
somewhat non-linear at the 
extremes of the operating 
range because of a ‘compres 
sion” effect. Most thermomet 
ric transducers require scale 
factor conversion cirvits to 
make the transducer output 
compatible with the rest of 


the logging system 





PRESSURE TRANSDUCERS 





ALL PRESSURE 
TRANSDUCERS 


These are generally divided into types depending on input pres 
sure range. But for logging systems, division according to form and 
output level is more realistic. It is assumed that secondary trans 
ducers are used where required to convert to an electrical output 





RESISTANCE 
ANALOG 


For example, a bellows driving a precision resistance potentiometer. 
A precision reference voltage source must be provided so that a 
voltage analog can be derived. This type operates at power levels 
corresponding to the low-level voltage output type. 





VOLTAGE 
ANALOG 


This type divides into three categories: high output (amperes), 
medium output (milliamperes), and low output (microamperes) 
Figure 3 shows methods of connecting high and low level types. 
High output transducers can drive a digitizer directly. Medium- 
level types require a servo to obtain power gain. Low-level types 
require both an amplifier and a servo. Note that high-level outputs 
are usually achieved by incorporating a servo system in the trans 
ducer, so that operationally they are similar to the medium- and 
low-level types. 


All pressure transducers have 
essentially linear response 
characteristics, thus simplify- 
ing circuitry although scale 
factor conversion is still re- 


quired. 
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FLOW TRANSDUCERS 





DIFFERENTIAL 
PRESSURE 


These use a flow restriction such as an orifice, nozzle or venturi 
to obtain the gravimetric flow rate. The pressure drop across the 
restriction is proportional to the square of the velocity. The output 
is nonlinear and method is not suitable for pulsating flow. Best 
accuracy is to within about | per cent 


Flow measurement offers seri- 
ous problems insofar as line 
arity and scale factor are 
concerned. For instance, the 


output of a differential pres 





VOLUMETRIC 


sure transducer might be 
These measure fluid velocity independent of pressure. Volume of 


flow can then be computed if appropriate constants are known 
Typical examples are electromagnetic and electronic flowmeters 
Accuracy is to within about 0.5 per cent 


linear, but the output of the 
square-root circuit cannot be 
linear, Similarly, the logging 


system is usually not expected 





MASS RATE 


to record instantaneous flow 


These measure mass rate of flow independent of velocity or pres But it is expected to present 
sure. One type computes mass rate by measuring the angular mo 


mentum of a rotating fluid passage. Another uses the Coriolis 


an accurate integral of flow 


during at ‘east the sampling 


effect. Accuracies are comparable with those of the volumetric period, or period between re 


types, but with mass rate types, density information is not required cording cycles 


to determine instantaneous mass flow 





‘LEVEL TRANSDUCERS 





STRAIGHT 
PRESSURE 


Used when liquid is acted on by gravity only. Transducers electri 
cally duplicate those used for pressure measurement with modified 
calibration. Same instrumentation considerations apply sary, depending on units in 


Modification to give a linear 
characteristic may be neces 


which pressure is to be meas 





DIFFERENTIAL 
PRESSURE 


Used when liquid measurement is made at a point where the ured. The basic relation be 
liquid is under pressure other than that caused by gravity. Again, tween level and pressure Is 


' 
same considerations apply as for pressure transducers linear, but transducer char 
acteristics may introduce non 


linearities. Scale factor con 


version is required 





CONTINUOUS ANALYZERS 





Using a principle such as infrared transmission or thermal conduc 
tivity, these devices deliver an electrical output corresponding to 
the concentration of a particular chemical compound. An oxygen 
analyzer is a typical example. 

Most continuous analyzers deliver a de output voltage propor 
tional to the measured variable. This ranges from 10 microvolts 
to 10 millivolts, with accuracies of about 0.5 per cent of full scale 


Usually these instruments are designed to feed a meter or null 
balance recorder directly, although it is possible to present output 
signals across fairly high impedances. As suggested above, a log 
ging system can be tied to the output shoft of the recorder, or the 
signal lines can be tapped and a signal continuously fed to the 
scale factor circuits of a logging system. The problems are similar 
to those discussed above for temperature and pressure transducers 





FIG. 2. Methods of connecting thermocouples. (A) Con 
ventional self-balancing potentiometer and _ repeater 
(B) Shorting-type thermocouple disconnects. 
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FIG. 3. Methods of connecting pres- 
sure transducers. (A) Interconnection 
for high-level transducers. (B) Inter- 
connection for low-level transducers. 


completely instrumented with analog transducers. 

A primary analog transducer directly measures the 
process variable, but may not deliver a signal that 
is usable directly in a logging system; a pneumatic 
output is an example. In these cases, a secondary 
transducer must be inserted to convert to an appro 
priate electrical signal. Functionally, the logging 
system is not concerned with the transducers beyond 
this point. However, the nature of the transducer 
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determines to a large extent the logging system 
design. Scale factor and linearity and the functional 
relationship of the transducer output to the measured 
variable must be known. For this reason, the logging 
system characteristics of several typical transducers 
are listed in Table I. There is no intention here to 
recommend measurement techniques or to be all 
inclusive; the thoughts given can be extended to all 
types of analog transducers 


I) SCALE FACTOR CORRECTION AND LINEARIZING 


Scale factor adjustment and linearizing are two 
more or less independent operations that must be 
performed on the transducer output signals at some 
point ahead of the recorders. 

Scale factor adjustment denotes a change in the 
range of voltages that represents the measured 
quantity, and consists essentially of setting an 
excursion range. However, scale adjustment always 
assumes a linear relationship between the measured 
physical quantity and the voltage representing it 
If this linear relationship does not exist, then trans 
ducer output must be linearized. 

Meeting the requirement for scale factor adjust 
ment starts with the analog-to-digital converter. Each 
converter has an optimum voltage input range. In 
this voltage range, the converter generates a differ 
ent digital value, 000-999, for each analog input value 
(Decimal point location is independent of voltage 
input.) Regardless of their status beyond the con 
verter, all inputs must fall within this range. 

However, on the output side of the converter, 
these data must be logged in a particular set of units 
(deg F’, deg C, gal/day, psig, psia, etc.) which may or 
may not be the same set of units in which transducer 
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measurement is made. Between the transducers and 
the final printout, there must be an adjustment to 
permit the correct numbers to be printed 

Linearization is necessary because of inherent 
nonlinearities in the transducers, and because of th« 
way transducers are used. It is almost impossible 
to design a transducer with a perfectly linear response 
over its entire operating range. Saturation, common 
at the upper extreme of the range, is usually a gradual 
process, creating a bend in the response curve known 
as the limiting effect. In other cases, the relationship 
between the measured variable and transducer out 
put may be inherently nonlinear, but with only 
negligible deviation from a straight line over most 
of the required operating range. 

The techniques of scale factor conversion and 
linearization differ considerably if the signal is in 
analog form, because in this case, these operations 
require different types of circuits. In the digital 
form, scale factor adjustment and linearization are 
similar and can be performed in the same circuits. 
However, to emphasize the difference between analog 
and digital methods, the two operations will be dis 
cussed separately. 





Analog Scale Factor Adjustment 


The choice of one of two methods depends on 
whether the signal can be attenuated or must be 
amplified. Precision resistor attenuation networks, 
Figure 4A, can be used when the original signal ts 
high enough to permit a large reduction. But in 
many cases, Original signal level is so low that volt 
age gain must be combined with the 
attenuation to give “attenuation in reverse’. ‘This is 
possible with feedback amplifiers, Figure 4B. A high 
feedback ratio, coupled with high amplifier gain, 
means that the overall gain is a function of the 
feedback factor only. ‘This factor in turn depends on 
the setting of precision resistors 


precision 


lhus the calibration 
of both the feedback amplifier and precision attenu 
ator depends on passive clement: 
stable scale factor 
either method 


so that accurate, 


idjustments are possible using 
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Analog scale factor conversion. (A) Precision resistor 
(B) High-gain feedback amplifer 





Digital Scale Factor Adjustment 


If the digital form of signal is chosen, the circuit 


become more complex. Here the form of the output 
nad the il 
factor of the input to the converter are unimportant 
as long as the input signal remains within the opera 
ting rang¢ 
ficance of the signal 
necessary to locate tored digital valu 
that corresponds to this signal (for the transducer 
that originally generated the signal 
da separate memory and searching or Comparison 
circuit for each transducer, with 1,000 stored number 
representing all possible values of the input signal 
and 1,000 addresses corresponding to the digital 
signal from the converter, Figure 5. ‘The searching 


code of the analog-to-digital converter 
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Digital Linearizing 


Digital linearization i 
factor 


simple with the above scal 
conversion circuits. Since an individual coded 
value must be set up in the memory to correspond 
to each possible input value, it is not difficult to 


modify this value to correct for nonlinearits 
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Analog Linearizing 


If the analog signal is in the form of a shaft rota 
tion, tapered or tapped potentiometers, or cams can 
be used. If in the electrical form, biased diodes, 
nonlinear amplifiers, or photoformers are suitable 

Tapered potentiometers have nonlinear windings 
This nonlinearity is made to correspond to the 
desired curve, and can be accomplished with a curved 
winding form or irregularly spaced windings. ‘Tapped 
potentiometers are originally linear, with various 
resistances placed across the taps to change the 
ratio of “resistance picked off” to total resistance in 
accordance with the desired curve, Figure 6. Actu 
ally, a straight-line-segment approximation results, 
but fairly high accuracies can be achieved if enough 
segments (or taps) are used, 

By introducing more or less resistance at various 
signal levels, biased diodes can give the same seg 
mental approximation as tapped potentiometers, 
Figure 7. Cams can be cut to a circular-coordinate 
system replica of the desired curve, so that the output 
of a cam-follower-driven linear potentiometer is a 
linear function of the measured variable 


The photoformer technique is the most elaborate 
and most accurate. A mask cut to the desired curve 
is placed over the face of a cathode ray tube. A 
servo system drives the tube beam so that it follows 
the mask contour. If a deflection corresponding to 
the input is created on one set of plates, the voltage 
readout of the other set is the corrected value of the 
output 

Scale factor correction and linearization are sim 
pler if performed with the signal in the analog form. 
Accuracies to within 0.5 per cent can be achieved by 
the above methods, with 0.1 per cent in the extreme 
Cases 

The digital techniques will give very high accura- 
cies, but only at a sacrifice in circuit simplicity and 
probably reliability. In general, transducer accuracy 
is not sufficient to warrant the effort and expense 
required of the digital methods 

Besides this, remember that the scale factors of 
the transducers must be adjusted in the analog 
form to make them compatible with the range of 
the analog-to-digital converter, regardless of where 
the final scale factor adjustment is made. Logically, 
the entire adjustment should be made at once 


lil DERIVATION OF QUANTITIES 


Often, the quantities measured by the transducers 
are not the quantities that are to be logged. ‘Two 
situations arise. In one, an indirect or implicit 
relationship exists between the quantity measured 
and the quantity to be logged (space-function). And 
in the other, the quantity is correct, except that the 
logging system must record its sum, or integral, over 
a specified period of time (time-function ) 

In the first case, the logging system is required to 
derive the explicit solution of an equation; in the 
second, to perform an integration 


Equation Solution 


There are two reasons for solving equations in a 


logging system. First, the desired quantity may not 
be directly measurable, while some other physical 
quantity directly related to it is measurable. Second, 
it may be more convenient to measure one quantity 
and transform it to the desired quantity. 

An example is a flow transducer of the orifice type, 


where differential pressure is the measured quantity. 
Differential pressure is proportional to the square 
of fluid velocity; therefore the corresponding elec- 
trical signal must be fed to a root extracting circuit. 

In general, the techniques’ used in _linearizing 
curves can also be used in equation solving 


Integration 


I'he flow problem is also a typical example of a 
time-function. Usually, a logging system records 
total flow over the recording period rather than in 
stantaneous flow. In addition, it is often necessary 
to record integrated flow over an accounting or 
operational period that may vary from 24 hours 
to 30 days. 

There are many ways of handling this complex 
problem. ‘These break down into two main groups: 
continuous analog integration, and integration by 
sampling. ‘The various techniques for instrumenting 
these basic groups are listed in ‘Table II 


IV SCANNING 


Scanning permits one analog-to-digital converter, 
and all of the equipment after it, to handle many 
transducers, Note that the time required to scan 
or sample a data point must be short enough to 
make the sampled quantity appear to be static. In 
most cases, this is no problem. But where the 
sampled quantity can change one bit in the least 
significant digit during the “loop” time, the quantity 
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must be stored during readout. Failure to comply 
with this requirement occasionally results in an error 
of one in the last digit. 

Two general mechanization techniques are used 
for the scanning process: electronic circuits and elec 
tromechanical switching devices. Where extremely 
high operating speeds are required, all-electronic 
devices are used, Figure 8A. There is generally at 





TABLE Il 


WAYS TO INTEGRATE 


CONTINUOUS ANALOG INTEGRATION 





ELECTRONIC — RC Network 


Behind basic technique is the fact that voltage across a 
condenser represents the integral of the current into it. 
Simplest integration method is to connect a resistance-ca- 
pacitance network across the input signal. Disadvantage 
is that integral is sufficiently exact for only a small portion 
of the voltage-time curve. For reasonable ranges of opera- 
tion, large capacitors are required. 
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(For period T over wich the integral must be token) 





ELECTRONIC — ‘‘Miller Integration”’ Circuit 


Disadvantage of basic technique can be overcome to some 
extent with a capacitor in the feedback loop of an ampli- 
fier. The fundamental effect is to increase the time over 
which the integral may be taken 


bi 


if 
bg 
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' rf 
Effect of ompiitier is to increase site of capacitor ( 
input impedence, 2, , must be very high 
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ELECTROMECHANICAL — Mechanical Integrator 


In this type of integrator, rotation of the disc rolls the ball, 
causing the cylinder to rotate at a rate proportional to the 
displacement of the ball, Thus the number of cylinder revo 
lutions is the integral of the input displacement. Slippage is 
the main problem, but accuracies to within 0.1 per cent or 
better are possible for short periods of time. Use of me- 
chanical integrator by itself is not recommended since con 
version to linear shaft displacement is required. 


we (Constant velocity) 
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ELECTROMECHANICAL 
Mechanical Integrator in Servo 


Mechanical integrator on the output shaft of a servo loop. 
Primary limitations are same as those discussed for straight 
mechanical integrator, 
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ELECTROMECHANICAL 
Differentiator in feedback loop. 


Use of differentiator in servo feedback loop is identical to 
use of differentiating circuit in amplifier feedback loop. 
However, differentiator may be mechanical, electrome- 
chanical (tachometer), or electrical (RC network). Total 
angular displacement of tachometer shaft from an initial 
position is proportional to the integral of the input quan- 
tity over the time of measurement. Accuracy of method is 
fimited by accuracy of tachometer. 
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INTEGRATION BY SAMPLING 








GENERAL TECHNIQUE 


Useful where quantity to be integrated varies slowly com- 
pared to sampling rate. If sampling rate is fast enough, 
accuracy is comparable with analog integration methods. 
Instantaneous value of input is sampled at uniform intervals 
and this value is held until the next measurement. Product 
of time intervals and instantaneous value of signal con- 
stitute the area of a strip under the curve. Summation of all 
strips closely approximates area under entire curve, and 
thus the integral of the function. 






















































































ELECTRONIC 


Transducer analog output is transformed to a precision 
time interval, which in turn is converted to a precision pulse 
train analog, A precision sweep is matched to the analog 
voltage by opening a gate at the beginning of the sam- 
pling cycle (corresponding to the beginning of the sweep), 
and closing the gate when the magnitudes of the sweep 
and transducer voltage are equal. In turn, this gate con- 
trols a circuit that permits the proper number of counts from 
a precision pulse generator to pass to a counter. This num- 
ber represents the instantaneous transducer output, and 
when multiplied by the length of the sampling interval 
equals the integral over this interval. By proper choice of 
sampling interval and pulse frequency, the reading at any 
time can be made to represent the integral to that time. 
‘Contact closures’ can be initiated by the counter, or else 
by a relay or diode matrix. These contact closures are 
directly available to the recorder and can be set up in any 
required code. No analog-to-digital converter is required. 
(Electromechanical, pneumatic or hydraulic analogs of 
this technique can also be used. Two examples are the 
pneumatic-electric and the cam and mechanical counter 
systems, used in commercially available equipment.) 























ELECTROMECHANICAL 


Sampled instantaneous input is represented by position of 
an output shaft. This position, or angular displacement, is 
fed to one of two memory devices and added to all 
previous samples for the measuring period. Al the readout 
command, the memory storing the integral is disconnected 
and the alternate memory connected, so that the integrated 
flow can be read out without losing any information during 
the logging operation. After being read out, the memory 
is reset to zero for the next period. In addition, to the 
double memory for hourly readings, the system also in 
cludes a parallel memory for 24 hr readings. 
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| Switching 


L._pmeoe 


FIG. 8 


Ihree methods of scanning 
(A) Electronic commutation. 


(B) Motor-driven commutator. 


(C) Stepper switch. 


least one vacuum tube control element per input 
besides the additional control circuitry to generate 
and distribute commutation control signals, Problem: 
of drift, power levels, and bias generally preclude 
the use of this technique where switching speed 
requirements are below 60 samples per se 
At lower switching speeds, 

ping switch electromechanical 
When synchronization of the sampling time to 
readout or recording time either is not required o1 
can be controlled by the scanning device 


ommutative or step 
devices are used 


\ the device 
can be a commutative switch rotating at constant 
speed. ‘These switches, Figure 8B, have a relatively 
large number of precisely located contacts arranged 
in rings on a disc or cylinder of high quality insulat 
ing material 


rotor sequentially connects the contacts to an out 


A brush assembly on a motor-driven 


peed and 


put line for a time determined by rotor 
the angle of dwell 

This method becomes inconvenient when a por 
tion of the program control must be devoted to the 
output recording or storage device. With electric 
typewriters, for example, scanning and analog-to 
digital conversion must be synchronized with the 


typewriter printing operation. ‘Thus, provision must 


be made for the typewriter to signal 
for tl W here 


| 


print operation and readin 
control 
Vhese 

lines, one group at a time, in resp tepping 
fic xibl ic) Cali he 


tiated, o1 


this type of programming tep 


ping swit hes are used roups of 


ignal pulses; and are quite 
operated in a self-initiated, externally. 
combined mode, ligure 5¢ Thus the sequential 
connection of the input devices can be initiated at 
the proper time in the readout 
Commercially available units have ficient con 
tacts for most purpos¢ and can be used for long 
periods of time without maintena up to 100 
million operations These components have proved 
reliable in telephone switching operat: 
\n interesting vanation in min é es us 
irticular 
\pplying 
this tone to a common two-wire lin 1 pal 
ed by tel 
phone companies in multiple-party ing system 
to the 


whe 1 


tone generators and tuned relay 


tone is associated with a particula 


ticular tuned relay Phis technique 


Logging system applications are limited du 


wccuracy required in tone generator design 
are large numbers of input | especiall 


iew of the selectivity of ti 


there 
truc in 


V ANALOG-TO-DIGITAL CONVERSION 


Ihe analog signals from the scanning and other 
equipment must be converted to digital form befor 
they can be recorded as a printed number, Common 
specifications call for printing data points consisting 
of three-digit numbers, plus a space, in not mor 
than 2 sec per point, with a conversion accuracy to 


within plus or minus one bit, In a 
verter, one bit corresponds to an 
Man 
been developed that can meet thes 
For the purposes of this report 
classified in these three wat 


plus or minus 0.1 per cent 


outp 
ty 
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input-function form, and mechanization techniques 


Output-Function Form 


Converters can give three types of output fun 
tion. The first is “coded contact closures”, charac 
terized by groups of relay contacts or commutator 
contacts that, in response to analog input signal 
are made to close in code groups representing digi 
tized quantities. This form is used with common 
electromechanical recorder devices 

The second type is the “coded bus”, with vacuum 
tube circuits controlling the presence or absence of 
an electrical signal on a bus wire. The possible 
permutations of signals on a group of buses con 
stitute a digital code. 

The final type presents information in a_puls 
code, the digital information taking the form of 
time-spaced groups. ‘This is commonly known 
as “pulse-time modulation”; a simple example is the 
telegrapher’s code 

The output form of the converter equipment must 
eventually be compatible with the signal form 
required by a readout and recording device. Prac 
tically all of these devices require the coded-contact 
closure form. In using teletype code, for exampl 
a five-line code of the proper type must be established 
by the contacts on the converter 


Input-Function Form 


There are only two types of input function. The 
first is an analog signal in the form of a continuously 
varying voltage or current. And the second is a con 
tinuous mechanical displacement, such as a shaft 
rotation or linear motion, 


Mechanization Techniques 


‘These include the chronometric method, null 
balance method, and coded-dis« repeater 
Ihe chronometric method is somewhat similar 


to the electronic sampling integration technique 


described in ‘Table Il. Vacuum tube circuits are 
used, with accuracies approaching 0.1 per cent. High 
speeds, depending on the specific circuit, are possible 
A time interval is created proportional to the input 
function. ‘Then this interval is measured by count 
ing the number of evenly spaced pulses delivered 
to the output circuit during this interval 

In the typical circuit of Figure 9, a linear voltage 
time function is generated by a saw-tooth circuit 
The two coincidence circuits compare the instan 
taneous value of the saw-tooth signal, first with the 
reference level, and then with the input voltag« 
Pulses are produced at each of these coincidence 
points. ‘These pulses controi a gate that regulates 
“clock” pulses to the output of the digitizer 

Though high-speed, this circuit is rather complex 
with accuracy limited by the linearity of the linear 
time-base generator. A carefully designed and main 
tained “Phantastron” circuit is linear to within 0.1 
to 0.2 per cent. In addition, the output is in the 
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FIG. 11. Kelvin-Varley self-balancing potentiometer 
gives coded-contact-closure digital output. 
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Vi PROGRAMMING AND CONTROL 


Thi programming must issue the 


ommands to tell the system what to do and 


equipment 
propel 
vhen to do it. It is convenient, too, for the program 
ming unit to provide the auxiliary data and secondary 
ommand required fol vnchronization with 
recorders, et 

[he programming operation is similar for all log 
ging system Thus a brief analysis of the pro 
rrammer block diagram in Figure 12 will illustrat 
In thi 


block diagram, the master time control programming 


1 typical program and its instrumentation 
unit, off-normal initiate, manual initiate, scanning 


unit, integrator readout control, and the recorder: 
elector control comprise the programming sechion 
Of these 


ire refinements on the basic 


the off-normal and manual initiate circuit 
system 

Ihe sequence of operations is as follow 

1. Record commands are initiated by the master 
This is a clock 


with contacts that can be set to close at 


time control at desired time interval: 
pecihed 
time his signal energizes the programmer 

2. On receipt of the record signal from the maste 
time control, the programming unit resets the scan 
and initiates the 
the proper start for recording 


ners and recorders readout cvcle 
Resetting insure 


he first quantity recorded in each cycle is usualh 


time, fed directly to the recorder | 
1 four-digit number onginate: the master 
After this, the scanning nergized 
ind the re 


ning 
unit a 
timer 
ording of data point 
Upon receipt of the prop ial noth 
rogramming unit, the mn itialls 
in thi mning 
usually starts with a fixed reference i check 
ind then to the 


transducer circuit Mach transdi is in 


mou transducer 


point for each recording 
di idually connected to the itid ligital con 
erte! ind thi 
ignal ommand 
+. After the 
programmer energize the analo | ta onvertet 
5. When the digitizing proce mmpleted, the 
programming unit energizes the al lines of the 
proper recorder through the reco 
ind the numerical quantity is logg« 
5) Most 


one digit at a time 


onnection is ma until a 
i tep to the 


scanning unit in input, the 


unit, 
recorders are capabl of logging only 
lherefore, the immer must 
so that the digit i onnected to 
the recorder in 


arrange things 
orde I 


whi Ic thi 


; ' tiate 


equence Usua the re 
ignals that recording j complete lL But 
not po ible, the programimnin 


its own signals after sufficient tin 
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VIG. 12, Programming section of automatic logging system. 


After a particular input has been digitized and 
recorded, the programming unit supplies a space 
signal to the recorder, resets the analog-to-digital con 
verter, and signals the scanning unit to proceed to 
the next input. A new cycle begins after all inputs 
have bee 1) Sf anned and recorded 

The most common exception to this sequence is 
encountered when the quantities are already in the 
digital form. In this case, the analog-to-digital 
converter is by-passed, and the scanning unit ener 
gizes the digit lines directly 

Another common deviation is to eliminate the 
recorder selector unit. This unit is needed only 
where the number of inputs cannot be handled by a 
single recorder, When the selector is required, the 
programmer selects the proper recorder, and the 
same time and reference point values are printed 
at the beginning of all records for identification 

Whiere greater speed is required, and where the 
cost and complexity can be tolerated, a separate 
analog-to-digital conversion circuit can be used with 
each input. ‘Then the output of the scanning unit 
is fed directly to the recorder 

Che “offnormal and manual-initiate” circuits 
shown in Figure 12 are refinements of the basic pro 
gramming section, rather than fundamental elements 
They do not affect basic system operation, but they 
do make it possible to record unusual conditions 
occurring between normal readout periods 

Kach of these circuits can initiate a recording cycle 
independent of the normal cycle. These cycles are 
identical to the normal cycle, except for special 
recorder indications that identify the portions of the 
record resulting from a command by these circuits 

The off-normal circuits automatically initiate a 
recording cvcle when the measured variables are out 
side normal operating ranges and/or when the alarm 
circuits are energized. ‘The signal is the same as that 
initiated by the normal programmer, with the addi 
tion of a special signal for cycle identification. For 
example, when the recorder is a typewriter, a ribbon 
color shift signal can be added to cause the reference 
value and off-normal data point to print in red. A 
special punch in the X or Y column serves the same 
purpose when punched cards are used 
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In addition, it is also possible to modify the refer 
ence-data signals to indicate the nature of the proce: 
fault. For instance, a reference-data value higher 
than normal indicates an upper limit is exceeded 
while a value lower than normal indicates the passing 
of a lower limit. 

I'he manual mode of operation is similar except 
that it is initiated by the operator; it usually serves 
as a check on system operation during maintenance 
or repair periods, ‘The manually initiated cycles can 
also be identified by a special color or cod his 
is particularly useful when the system data are to be 
computer processed, since the data recorded at thi 
time may be all or partly fallacious. 

In some systems, the manual mode of operation 
provides for accuracy checks by substituting accut 
ately calibrated inputs for the normal input 
l' rouble shooting is facilitated by indicators located at 
uch significant points as the output of the analog 
to-digital converters Also, it is possible to run 
sequence checks 


Programmer Mechanization 


Like other sections, the programmer can_ be 
trumented electromechanically or clectronicalh 

lectromechanical instrumentation — us¢ relay 
ind stepping switches connected so that a normal 
sequence of contact closures is initiated by the maste: 
time control and synchronized with the other por 
tions of the system. For example, a_ stepping 
switch scanning circuit steps first by command of 
relay closed at the end of time recording, and 
thereafter by a signal from the recorder when a com 
plete data point has been logged. ‘This signal, in 
turn, is initiated by the analog-to-digital converter 
when all digit values of a data point have been 
scanned and fed to the recorder. ‘To allow the con 
verter circuits to stabilize, scanning of the digit 
lines in the converter may be delayed a fixed amount 
after the scanner steps. ‘This can be accomplished 
by a time-delay relay in the programm oper 
ated by the same pulse as the scanner. While thi 
technique appears complicated, it has the advant 
ie of using proven reliable component 

Although electronic instrumentation uses multi 
vibrators, vacuum-tube gates, counting circuits, and 
diodes, it is functionally identical to the electro 
mechanical system The above operations can be 
accomplished electronically by 

Pa ring counter and multivibrator with an appro 
priate diode matrix for driving the scanner; and 

a one-shot multivibrator, a free-running multi 
vibrator, a stable multivibrator, and a gate for operat 
ing digit scanner in analog-to-digital converter 

Ihe electronic technique has the usual advantag« 
of speed, but suffers from greater complexity and 
reduced reliability 

But regardless of mechanization, well designed 
programming circuits should not require more than 
periodic (such as monthly) adjustment check 
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Nonscanned Alarm System activates both a visual and audible alarm 


indicating 
the process at fault and direction of error. Reset is 


his type system has one group of limit-setting eutcmatic 


and off-normal detection circuits per transducer, 
Figure 13. Detection can be accomplished by any Scanned Alarm System 
circuit that switches states at a specified voltage, o1 
' In a typical scanned system, Figure 14, a single 
by limit switches on conventional indicators and , ' 
off-limit detection circuit is used for a group of 
recorders. Electromechanically, a Schmitt trigger - 
, transducers. The output of all transducers is fed 
may be used, but biased diodes or relays are simpler. 
through the scanner to a common detection circuit 
ind a self-locking light circuit. A single light pro 
vides visual indication for all process¢ As an alterna 
tive method, another scanner can be inserted in the 
circuit so that a separate indicator lights for each off 
limit process. Usually an audible alarm is desirable 
Reset can be either automatic or manual 


here are several thre« position relays available, so 
that a single relay circuit can give eparate indica 
tions for high and low conditions. In any case, the 
detection circuits must not load the normal circuits 

The circuit in Figure 13 uses relays, so that an 


off-normal condition in either direction immediately 


Vill RECORDING OR LOGGING 


Ihe selection of an output devic depends on gives a printed tape, with all quantiti 
whether visual digital presentation, computer input column. The typewriter provides the 
data, or a printed record (or all three) is required page-printing, with a column devoted to ¢ 

Visual data can be presented on digital-display tity. The operating speeds of most o 
type cathode-ray tubes, counting tubes, or indicating quite similar, and are limited, basically 
decades designed for electronic counters. Electro that the 
mechanical counters could also be used. For com 
puting purposes, the data can be recorded on 
magnetic-type devices, punched tape, or punched 
cards, Printed records can be obtained from various typewriter, a columnar page division is used, the 
devices. Some devices present the data in two way: basic difference being in the provision of a separate 
i example is a typewriter with a tape punch type bar or cylinder for each digit. By this mean 

In general, the printing devices used with logging all input data may be printed simultaneously, or in 
systems are mechanical, and may be divided into parallel 
two groups: serial and parallel, with further sub 
division by format 

:xamples of the serial type are the adding machine 
and the electric typewriter. ‘The adding machin 


characters are printed seriall Lh 
printer of this type is the “flying typewrit« 

I'he parallel type is exemplified by the [BM pags 
printer and the synchro-printer. As in the case of the 


\s mentioned previously, most of these devices 
operate from a coded set of contact closure 

Figure 15 shows how the eight functions are 
ombined to form a complete logging system 
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THE DIGITAL SERIES 


\ Dual Series of Articles on Theory and Application of 


Digital Data Processing for the Control E-ngineet 


BASIC DIGITAL NO. 5: 


This month Professor Norman R. Scott offers a lucid, “primer” 
approach to the problem of digital computer circuit design. 
Two kinds of circuits are basic. One of these, the “gate”, is 
discussed in its major variations in the following pages. The 
other, the “storage element”, will be detailed by Scott in March. 


NORMAN R. SCOT’! 
Prof. Norman R. Scott earned his BS and MS from MIT in 1941 


just in time to do a stint as a student engineer with the General 
Electric Co., before the U. §. Army claimed him. At the Wright 
Field Electronics Laboratory he rose to Chief of the Special Project 
Lab, supervising radio and radar countermeasure development In 
1946 he joined the EF. faculty at the University of Illinois, where he 
gained his PhD in 1950. Since 195], he has been on the EF. faculty 
at the University of Michigan, where today he is in charge of graduat 
ourses in computer engineering 


APPLIED DIGITAL NO. 3: 


Led Last month John Carr outlined the general characteristics of 
scientific calculators and the problems they can handle. This month 
Carr is joined by Alan J. Perlis in using these criteria in a comprehensive 
comparison of large-scale commercial calculators and their progenitors, 
the laboratory computers. 


ALAN J. PERLIS 


Dr. A. J. Perlis has a first hand knowledge of MIT’s Project Whirl 
wind and of the Aberdeen Proving Grounds in Maryland, both of 
which figure prominently in this article. As a research mathematician 
he worked on Whirlwind in 1948, '49, and ’52, and at Aberdeen 
from 1951 to 1952. Alan Perlis received his BS in chemistry from 
Carnegie Tech in 1942 and his MS and PhD in mathematics from 
MIT in 1949 and 1950, respectively. At present he is assistant pro 
fessor of mathematics and head of the computing laboratory at 
Purdue University 
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large-scale computer—the IBM Ty 


A Comparison 


of Large-Scale Calculators 


JOHN W. CARR Ill, University of Michigan, and ALAN J. PERLIS, Purdue University 


Over 300 digital omputers are now hia or the University of Michigan 
being used in the United States for NMIIDAC, can be obtained in some 
the solution of scientific problems ises at little or no cost. Many uni 
lhese range im size and speed from ersitne ind associated research lab ( 
the desk-sized Burroughs E-101 to oratoru hort on funds but with a ity oO f 
today fastest calculator, the NORG pool of highly intelligent graduate the ENIAC an 
(Naval Ordnance Research Calcula tudent labor, may find construction EDV AC mtrib 
tor), built by IBM and installed at the of such a calculator (a matter of twe ill 
Navi Dahlgren Proving Grounds in w three yeat the only solution. On 

irgimia. They include units that ar the other hand, most o 
commercially available and those that quiring scientific calculato 
have been constructed by government to get involved in elect 
ind university laboratones on a on onstruction nid 
hot basi puter a ilabilit lat 

Although both t 1 will be di is low as three to 
cussed, this survey will emphasize the often the most important 


ommercial machine This does not 


nean that future users are restricted COMPUTERS NOT 
to commercial machines. It is very — CQMMERCIALLY AVAILABLE 


po ible at the present { 
yroup to construct its own unit Because, at least until itly, most 
Indeed, complete construction draw of the imnovations in. structure and 
ings of machines tested in the field use of scientife ilculat | oO mportant inat 


the University of Hlinois I from university and governm Man 1 the fund 
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DIGITAL APPLICATION SERIES | nO. 3 
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CHARACTERISTICS OF THE 





CALCULATOR 


RENTAL 
cost 


ARITHMETIC, 
NUMBER 
SYSTEM 


HIGH-SPEED 
STORAGE 


worD 
SIZE 


COMPUTATION 
MODE 


INSTRUCTIONS 


OPERATING 
SPEEDS 





IBM-Type 701 


$15,000 
per month 


Parallel, 
binary 


2,048 words, 
electrostatic 


36 bits 


Fixed-point 


Single-address, 
two per word, 
32 operations 


Add: 60 microsec 
Multiply: 450 
microsec 





ERA-1103A 


$23,000 
per month 


Parallel, 
binary 


Up to 4,096 
words, mag- 
netic cores 


36 bits 


Fixed-point 


Two-address, 
one per word, 
48 operations 


Add: 48 microsec 
Multiply: 266 
microsec 





IBM-Type 704 
(not in field) 


$35,000 
per month 


Parallel, 
binary 


4,096-32,768 
words, mag- 
netic cores 


36 bits 


Floating-point 


Single-address, 
one per word, 
with B-lines, 

86 operations 


Floating add: 
84 microsec. 
Floating multi- 
ply: 200 micro 
sec 





Parallel, 
binary 


1,024 words, 
electrostatic 


39 bits 


Fixed-point 


Single-address, 
two per word, 
100 operations 


Add: 75 micro- 
sec 

Multiply: 650 
microsec 





Whirlwind 


Parallel, 
binary 


2,048 words, 
magnetic cores 


16 bits 


Fixed-point 


Single-address, 
one per word, 
32 operations 


Add: 24 micro- 
sec 
Multiply: 40 


microsec 





Parallel, 
decimal 


2,000 words, 
electrostatic 


16 decimal 
digits 


Floating-point 


Three-address, 
one per word, 
with B-lines 


Floating add: 
15 microsec 
Floating mul- 
tiply: 30 
microsec 





UNIVAC I" 
(UNIVAC Il 
not in field) 


$17,000 


per month 


Serial, 
decimal, 
alphanumeric 


1,000 words, 
acoustic de- 
lay lines 

(up to 10,000 
for UNIVAC II) 


12 decimal 
digits 


Fixed-point 


Single-address, 
two per word, 
37 operations 
(UNIVAC II, 48 
operations 


Add: 400 micro- 
sec average 
Multiply: 2,100 
microsec average 





IBM-Type 702 


$25,000 


per month 


Characters 
serially, 
decimal, 
alphanumeric 


10,000 char- 
acters, elec- 
trostatic 


Variable 
word length 


Fixed-point 


Single-address, 
32 operations 


Add: 370 micro- 
sec 

Multiply: 3,360 
microsec (on 10 


decimal numbers) 





IBM-Type 705 
(not in field) 


$27,000 
per month 


Characters 
serially, 
decimal, 
alphanumeric 


20,000 char- 
acters, mag- 
netic cores 


Variable 
word length 


Fixed-point 


Single-address, 
36 operations 


Add: 200 microsec 
Multiply: 2,480 
microsec (on 10 
decimal numbers) 





*UNIVAC rental is for Unitypers and Uniprinters as input-output only. Punched-corJ 


equipment and high-speed printer raise UNIVAC rental to $25,000 per month. 
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LARGE-SCALE CALCULATORS 





MAGNETIC 
DRUMS 


MAGNETIC 
TAPES 


INPUT 


OUTPUT 


CHECKING 


AUTOMATIC 
PROGRAMMING 
PROCEDURES 





Four logical 
drums at 2,048 
words, 40 millisec 
access time, 800 
words per sec 


Four tape units, 
plastic tape, 
speed 1,250 


words per sec 


Reader: 150 


cards per min 


Punch: 100 cards 
per min, printer 
150 72-character 


lines per min 


Parity bit on 


magnetic tape 


PACT 


other interpreters 


Speedcode, and 





Integrated’ 
drum of 16,384 
words, 17 millisec 
access time, 30,000 
words per sec (de- 
pending on interlace 


Up to 10 Uni- 
servos, steel 
tape, speed 
1,800 words 


per sec 


Photoelectric 
paper tape 
reader: 200 
characters per 
sec, card 


reader optional 


Paper tape 
punch: 60 char 
acters per sec 
optional line 
printer and card 


punch 


Parity bit on 


magnetic tape 


Ramo-Wooldridge and 1103 
Compilers; interpretive 


programs 





8 drums of 
2,048 words, 
12 millisec 
access time, 
speed 10,000 


words per sec 


Up to 10 tape 
units, plastic 
tape, speed 
2,500 words 


per sec 


Input direct 
or to magnetic 
tape, card 
150 or 
250 cards per 


min 


reader 


Output direct 

or from magnetic 
tape punch 100 
cards per min, 
line printer 

150 lines per 
min, CRT scope 


output 


Horizontal and 
longitudinal 
parity bits on 


magnetic tape 


SHARE program, possible 
PACT system 
Fortra 


planned 





None 


Photoelectric 
paper tape 
reader: 200 
characters 


per sec 


Paper tape 
punch: 60 char- 
acters per sec, 


CRT scope 


None 


No compiler system, but 
complete subroutine 


library 





64,000 words 
of drum stor- 
age, 17 mil- 
lisec access 


time 


Four plastic 


tape units 


Photoelectric 
paper tape 
reader: 200 
characters per 
sec, remote 
magnetic tape 
printer 


Via magnetic 
tape to type 
writer, CRT 
scope, or direct 
10 character 
per sec type 


writer 


Parity bit in 
high-speed 
memory, dupli 
cation on mag 


netic tape 


Comprehensive system of 
service routines 


Interpreter and compiler 





Eight plastic 
tape units, 
speed 70,000 
characters per 


sec 


Card readers 
buffered via 
magnetic tapes 
100 cards per 


min 


Printers buf- 
fered via mag- 
netic tapes 
150 lines per 


min 


Parity bit on 


magnetic tape 


None, but decimal, B-line, 
floating point program 


ming is simple 





Up to 10 Uni- 
servos, steel 
tape, speed 
1,285 words 
per sec (UNI- 
VAC Il: 1,600 


words per sec 


Unityper via 
Uniservos; 
also card-to- 


tape reader 


Uniprinter via 
Uniservos; also 
600 line per 
min printer, 
tape-to card 


converter 


Duplicate 
checking inside 
machine, parity 
check in memory 


and on tape 


A-2, B-O « 


tific 


ompilers for 


cak ulations 





Up to 30 drums 
of 60,000 
characters, 8 
millisec ac 

cess time, 
speed 25,000 


characters per sec 


Up to 10 tape 
units, plastic 
tape, speed 
15,000 charac 


ters per sec 


Reader; 250 
cards per 


min 


Punch: 100 cards 
per mn 

Printer: 150 
lines per min, 
1,000 lines 


per min 


Parity check 
on storage 
magnetic 


tape 


compiler, 


SCRIPT’ 





Same as Type 


702 


¢ 
name as Type 


702 


Same as Type 


702 


Same as Type 


702 


San eas Type 


702 








NOTES: All specifications ore 


an estimote as possible. 


The Illiec, Whirlwind, and NORC are typical of the fastest calculators not commercially 


available. 
Rental figures 


the manvufocturer's of designers own 


ore for eavipment generally considered standard 


cificetions, of as good 


for the compvuter 


The three dota processors are compared on o basis of 10 magnetic tape units 
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either planned as calculators or data 
the KRA-1L103A does not 
have a single-address instruction logic. 
Keach computer word, instead of con 


proce OTS 


taining two single-addr wders, con 
tains one mistruc hon with ili Opecla 


Since the 


computer also has an accumulatos 


tion and two addresses 


mstructions combine numbers in such 
forms a 
sult’, of 
lator’ 


| 0 dec reas 


operand, accumulator, 1 


“operand, operand, accumu 


waiting time in the 
machine, a instruction ha 
been included that retains the next 
instruction in the control unit for a 
number of successive 
Thus it is 
consult the memory for the same in 
struction. Sequencing digits in the 
repeat instruction allows the two ad 
dr sf 


repeat 


performances 
unnecessary to repeatedly 


of the following instruction to 
be modified automatically so as to 
perform, for example, a vector addi 
tion or vector inner product in onl 
two instruction 

No elaborate system, such as the 
PAC compiler, has been developed 
for the ERA-1103A, although there i 
no reason why the same logic, or a 
could not be applic d. Sev 
eral less ambitious compliers are un 


similar one, 


der development by the manufacturer 
and present users of the machine. One 
of these, a semi-automati 
The Ramo-Wooldridge 
been discussed by Bauer’, and appears 
to parallel the work performed on 
PACT, although it has not been cat 
ried as far 


ystem of 
Corp., ha 


Ihe basic punched card input-out 
put system for this computer is not 
as satisfactory as the equipment used 
with the ‘Typ 0] Standard (80 
column) punched card readers and 
punches are optional equipment (a 
photoelectric punched-tape reader and 
high-speed output punch are 
ard), and a line printer is 
direct connection 


stand 
ivailable for 
llowever, the use 
of Uniservo tape mechanisms, with 
the optional addition of any of thi 
UNIVAC peripheral equipment, al 
leviates any difficulties encountered 
with directly connected punched-card 
equipment, and makes the final input 
output system extremely 
Since the Uniservo tape units are com 
pletely satisfactory buffering devices, 
the UNIVAC output equipment guar 
antees there will be no delays becaus 
of input-output. On the other hand 
the UNIVAC peripheral punched 
card equipment is costly compared 
to the Unitypers and Uniprinters 
The ERA-1103A drum uses a dif 


ferent logic from any other drum as 


versatile 


sociated with high-speed 
While the drums on the 


702 


storage 
Type 701, 
and 705, and on the university 
computers, such as Whirlwind and 
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MIDAC, are logically cparated stor 


age devices, the drum on the ERA 


1103A is an “integrated” drum, 1. 
addressed directly, in the 
ame fashion as the 
ige. ‘This increases flexibilit 
cticalls in “interlace 
lows sequential drum locations to be 


if can be 


high pecd tol 
Lheo 
procedure il 
taggcred round th urtace 
p ition I 

tin j concerned Dh 


must ictuall im 


+} 


tunum ( 
interla 
ompromise be 
twecn i requirement or fastest 
transt from drum to hig peed 
ind fastest use of the drum 
ro direct 


‘ ™ | | 
| herefore in general only o 


Irie nol 
program performance 
‘ ional 
ubroutines will be performed from 
often, instructions 
and numbers will be transferred to 
the high-speed memory at the fastest 
po ible rate 
In another “Report from the User 

Castanias’ describes tentative plans to 
interconnect the Eglin Air Force Base 
ERA-LIO3A_) with 


quipment ind a 


1 
the drum; mor 


inalog 
part of a real-tim« 
tem. Similar plans are under wat 
it Convan Ihe Ramo-Wooldridg 
ind Wright Field’s Aeronauti 
i) Research Lab~rators [his com 
puter has special input-output facilitic 
that permit 
with intermediate interrogation from 
devices [his 


for elaborate interconnection 


mputing 


( Op 


continued computation 


outside tructure 1 
necessar©r\ 
with external equipment 

Because of it 
ind magnetic core storage, thi 
1103A is the most advanced comme: 
cially available computer. Plans for 
in EK RA-1103B, which was to have 


built-in floating-point 


newer design date, 


KRA 


irithmetic, ap- 
parently are not firm yet. Meanwhile, 
delivery of the first of IBM’s Typ 
704 calculators next spring will un 
veil the first commercially available 
floating-point magnetic core calcula 
tor; the one that for the moment will 
hold the new title of “most advanced 
in the field” 


IBM Type 704 


Rather than modify the ‘Type 701, 
is was originally planned, IBM de 
cided to build an entirely different 
computer: the Type 704. ‘The follow 
ing five distinct features make the 
'ype 704 better than the predecessor 
'ype 701 

P Floating-point operations do not 
require inefficient procedures such a 
Speedcod 

© B-lines or tallies make iterative 
programming easier. This is one step 
beyond the ERA-1103, which allows 
rapid iterative procedures, but has no 
formal tallying system 

> laster magnetic tape equipment, 
combined with joint Type 702-704- 
705 peripheral equipment, allow com- 


pletely buffered reading 
pune hing 

P Approximately 32 
Inagneti cor 


luring large 


storag yrobiem 
> I 


quantiti internal 


ti 


at 
1 
} 
™ \ compl ti iut iil 


ing tem pre 
produ 


in | ormul i | Tal 


many mathemati 


HaCiilin i 


Ili ali ilge 
| par 
7 Symbolic (floatin 
tomatu issembl pro 
vritten for | vith 
ulato Iwo non-IBM 
Id PACT organization 
operatiy 


| 


CT ) ) 
l} 
1CaG 


¢ group aptly na | SHARI 
ire planning other automat 
for the ‘Type 704 
With a technique 
ping mode ot operat 
nal can automa 


the l'ype 704 from 


; 


hand in interrupt 
When the latte 
Na hing Can he pro 
iutomatically to th 
lhe trapping moc 
ng program 
iutomat nt 
program for ma hin 
out of pertinent partial 
uction without | 
| techniqu (ros 
Aircraft Gas ‘Turb 
Electric plan { 
for immediate 
nne test stand data 
ping mode to inte 
putation ind to 1 
ompleting th te 
1 hie lype 704 
iS man operation 
ind May be con ick 
new machine, not just a ain | 
of the older design IBM that 
there are more than tw 
704’s on order 
701’s in the field 
ith few exceptiol 
will be used exclusi 
calculations. But it 
with the peripheral equipm 
[ype 702-705 data proce 
high internal speed al 
eptable for data proc 
written 
binary con 
ing to Grosch, at least 
General Electric Type 
it the Aircraft Gas ‘Turbi 
tandard data-proc 
uch as payroll ane 
ontrol, as well as sol 


prog ams are 


hnecessa’ry 


perform 
eration . 


problems 


The LARC 


One of the latest comme ial « 
puters, the LARC, was ently 





kert-Mauchly Di 
Remington Rand | 
these 


modular in stru 


nounced | the | 
ot Spern Rand 
At least three of 


which wall be 


coll 


giant 
ipable rf Dein 
ize, have been 
crnment ( 
raft é 
company target operating speed 


of this d I pert two yvcal I l 


im all 


‘ 


completion ( nicrosecond i 


floating-point addition ind four mi 


I 
y-point multiph 
ming it 
construct 
rol unit 1 nor 
init Cpal 
omputel 


mmputaho 


inferconne 
vil ost 
nillion t 
| chance t 
differential 
equation th 
LARC wil 
ing iutomati 
that will guar 


initial imming 


p ovTamming 
intee great 
prog cost 


Comparative Performance ' 


ted, the fast cal 


\ I Pint expe 
| high 


those having more 
generally have a f 

The four di 
xception Whe 


ind the high 


price 
are no ¢ 
object 
1 of complex 
| will almost 


t ar 


decision 
be for the large 
ilculator available 
| y vhose Tr 
HH 

nodiks 

pe and a 
utomatic-coding procedure 


xtremel 


importan nen 
ire analogous to an 
nachine rental compara 1 
bove the 
ts the hidden part 
The class of pr 
ilso important 
that 


formed on 


water and p 


rOPTAM 


ompute ire 
inestimabl 
detection 
important a pecial fea 
tructu Future 


crrormance ol be 


ding 


ipolated from pa 

qentit ilculator once 
is well as purchased), are almost al 
wai kept capital invest 
ment in programming makes it 
ible to 
j1utomatic-programming 
illeviate thi it 
but today a 


cannot be turned out with 


; 


1 
rentec 


since the 
soon 
Impo return the equipment 
New 
dures mat 
the future 
the house’ 


cnormou 


proce 
proc 

lation im 
computer “in 


out losse 


formance of 


ing too 


have met the te 


operation in the field 


problem S 


1ally 
pel 
Even 
hary of broadcast 
the 


\ expectcr manufacturers u 
ut the best light possible « 
thei 


ire somewhat 


n the 
omputet 
critical comments on 
quipment they are using 
ision involving i 
lreds of thousands of dollar cl 
ir for machin 
tment of 
xperienced 
otten 


pe nding 
i 
rental, or an initial 


nve one OT mor million 
lativel) 


extremely 


ind 4x impartial 
dificult to 
How 
with full 
information factors 
ulabilit 


CX PCTICHice Dp onneci 


necessit' 
in the long run, even 
objective 
iS Immediat i previ 
ind pre 
us problem ved on the 
nent mav weight th cak 
Ot the computers discussed 
he I'vpe 701 and UNIVAC § 
t of highly 
On the 
f past performance of the 
ons building them, th 
nd LAR( 
re imcreasingly different problem 
with i 
than any of 


Cquip 


ipDove 
ientih 


produ tive 


] ] 
hould als olve man 


cienth ind lowe! 


rapid 


ost pel unit operation 


heu predecessor 


DATA PROCESSORS AS 
SCIENTIFIC CALCULATORS 


mnipute I 


An alternati 
| NIVAC 


1 as the ‘Ts 
icntine as a part 
thie 
ce mput 
Man 


if 


proce 
the UNIVAC 
potent il ( 


th 


I 0 


he« 
trict] ulator 
t uch installati 
Wilmington, the 


Model Ba l 


Na 


| 
iG 


it Genet 
Atomic | 
for data processin isa 
jientihe computation The qu 
How well do these data pr 
handle oentin 
lirst recog 


rather 1 par 


problem 

that with thei 
illel 
tructure, these da [ rs, or am 
other 


in internal 


erial irithmetic 


now building 


computing 


cannot compete 
peed with the 


UNIV AC 
lype 7 
Olip 
EDV AC 
of the 

st 


pecd 1 
ilculator 
ot Stand 

of Mi 


ithode 


han 

“ { 
1 that 
putation md 
vith the 
clapsed tim 
i fun 
tora 


tion « 
tran 


1S niumpecr 


UNIVAC | and Il 


In addition 

nputer for 
PAMMNInNY 
In 19 
ompiler 
on UNIVAC 
them togcthe 


Mirai inh at 


It t 


i tring 


FEBRUARY 


UNIVAC 


” | Or 
ot the former 
the original 
than to that 

Ach inced 

Thu mcans 

tor 

nites 
h labora 
Bu 


Nati 


ii il 


rac 
rallel 
uch 
Or 
new 
torage 
pec d 
entific, 
irith 


nput-output 
ind 
forage de 
iitaneou com 
ut. ‘Therefore, 
thie relative 
m lution 1s 

f ndary 
f the pre 
crations 
iving 
lved 

the 

only 

to 

the 

il 

ht times 


of 


tment 
| 
mncar4r 
thre 
ile 
rential 


pro 
cloped 
the first 
ine tored 
ind tied 
ynpleted 


ith the imput of 


mn called a 


tape 


pro 
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p cudo-cod hi compile the 
AO), has been followed by the A-] 
A-2Z, and the latest B-O version 
These compiler a with 
devices for data processing procedur 
have fulls 
hop computation 
Pont the 

quickly learned 
compiler 


ilong imular 


been used very succe bt 
lab 
lab 
to 
pseudo-code and 


Since the 


i fixed pot compute! 


uch open 


yratonies as du wher 
orators 

the 
formulate hy 


UNIVAC ji 


ind the compiled program calculate 


cnginect 
’ 
take 


problem 


n floating point 
but 


performance speed 


vith 


| I 
cauces much 


the IBM ‘I 


not a 
interpreter uch a 
0] Speedcode 

Ihe UNIVAC |] 
design with 


ive j 


p 


the minal 
dela tor 
till in produc 


or) 
icousti line 
now called, i 

but will probably 
eded by the | 
10,000 wor 


torage 


hion be graduall 


NIVAC If, with 
of inal 
of 
the 
drum 


uper 
up to 
digit 

1000 


ten de 
instead 


Since 


inh 


the original 
UNIVAC 


usc! 


word 


doe have 


not have 
the art of ipplying magneti 
In fact, the idea for the 
piling technique can be traced directly 
to the 
an programming 
he UNIVAC design pro 
vided for fixed word length and fixed 
magnet tape block but the 
UNIVAC Il ce modifi the 
to allow the equivalent of 
word-length 

UNIVAC demonstrated from 
that 
only 


refined 
tape 


com 


need to use tape properly m 


mtomaty chem 


original 


length 
ign 
former 
variable 

The 
beginning 
not the 
medium, ‘Two 
ind Uniprinter with the basic 
UNIVAC provide direct key 
board to magnetic tape and magneti 
tape to typewriter conversion, so that 
the UNIVAC has completely buffered 
input-output equipment independent 
of punched cards. Fven some data 
processing users, for example, Cran 
will’ of the Franklin Life Insurance 
Co., by-pass the punched-card stag 
md use the typewriter to-tape device: 
for direct input. Auxiliary punched 
card to-tape and tape to-card convert 
ers, as well as highspeed printers 
now available 


the 


were 


punched card 
suitable input 
devices, the Unityper 
used 
system 


ire 


IBM Types 702 and 705 
Ihe 


( hin 5 


l'ype 702 data-proce: 
in the field 
been superseded by the 
The first of the 705s 

numerous improvements 
talled Ihe chief 
cientihe computation 
it Hanford, Wash General 
Electric scientists and engineers hav 
used the computer on linear program 
ming problems as well ordinars 
ind partial differential equations. This 
installation contributed markedly to 


me ma 


now have already 


I'ype 705 
incorporating 
will be 
l'ype 
installation i 
where 


in 
7()? 


SOOT! 


as 
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ot I { 
mati coding procedure 
piler called “SCRIPT” 
to a later compiler 
CODER written by IBM 
Mellie’ ha de 
yperation of the Hanford ‘Type 
nstallation as a joint data-proce 
nd computing effort 

With se 


ind iriable 


ic development )2 auto 
with a com 
comparable 
‘AUTO 
program 
the 
702 


the 


nec! cribed 


ing 


| arithmeti ilculation 
length 


horter number 


ra 
vord iddition 
nultiplications on 
in the Type 70 
ponding! 
this reason, if the 
be closely estimated 
iry to carry extra 
Similarly the variable 
edure that 
irithmetic 
the 
(on 
ult in 
imilar 
ord 


and 705 take a corr 


lor 


in 


horter period of time 
of number 
it 


VA 
not nece 
ignificant figure 
ord-length 
complicated 


sub 
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mecan 


double precision’ 


outing ire not needed a ae 


fixed we 


rd-length machine 
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machine 
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nch the UNTIVAC 
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rOCcessor enth 
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yr] lem rr 
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fixed 


speed 
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opera 
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larg ile 
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the UNIVAC ind 
705 probably be 


11 hy 1 


data 
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ind RAYCOM 


planned 
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ADVANCES FROM 
THESE MACHINES 
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future look like? 
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BASIC DIGITAL SERIES 


Practical Circuits for 
Gating in Digital Computers 


NORMAN R. SCOTT, University of Michigan 
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simply by a box, as shown in Figure 4 

As an example of a simple inter- 
connection of gates and storage ek 
ments, consider the 
cuit of Figure 5 

If x and y are two binary 
to be added, then the 
pear at point (c) 


binary adder cit 
VC QGUCTICE 
um digits ap 

Ihe gates leading 
lusive OR operation 
on the digits of x and y, while the 
threshold-2 gates form a carry digit 
that is stored in the delay clement 
until the next pair of x and y digit 
occurs. ‘The following table shows the 
digit 
the circuit when the 


to (a) do an ex 


sequences at various points im 
two numbers to 
be added are OO1l and y 


equals 1001 


x equal 


Input digits 


Sum 


Digits at 


RELAYS 


[he most 
witching device is the electromag- 
netic relay. In the telephone industry, 
it is common to consider relay life to 


widely used electrical 


be a billion operations or 40 years 
whichever is shorter. lor application 


involving zero power consumption 
when not Ope rated, intermittent opera 
tion (a few hundred times per day ) 
moderate current-carrying 


(milliamperes to amperes), 


capacity 
and only 
from an occa 
(perhaps due to 
dust between the contacts), the relay 
is unsurpassed Several 
slower-speed computers 


MNNOr MCONVCTUCHCE 


sional malfunction 


successful 
consist largely 
of relays, and many others use relays 
for such incidental switching as trans 
fer of data between a computer and its 
magnetic drum memory. The relay 
becomes inadequate to its task, how 
when demands for 
speed and frequency of operation are 
made of it. Relays can be made to 
operate in a few milliseconds, but op 
eration in microseconds or less neces 
sitates electronic switches. Microsec 
onds imply frequencies of a milhon 
eps or higher, and a device with a life 
of only one billion operations would 


ever, Excessive 
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than 17 minutes 

Relays can be interconnected easils 
to implement the AND, OR, and 
NOT functions as well as other less 
common logical function Thus, a 
scries connection of relay contacts i 
a closed 


be worn out in k 


circuit and ha 
mission only 


unity tran 
when all of the series 
closed Phi 


Figure 6 


ia 


FIG. 6 A relay 


contact ire ircuit 


shown in implements the 





AND circuit 


AND function Ihe circuit aa i 
closed only when relay A and relay B 
are both operated 

\ parallel connection of relay con 
tacts mechanizes the OR function, a 
shown in Figure 7. The circuit aa i 


Re con 
fey 


FIG, 7 





| 


1, 





A relay OR circuit. 


closed when relay A is 
when relay B i 
both are operated 

The NOT function can be 
lated by using back 
lay, as in Figure 8. The 
closed only when A is 


operated ol 
operated or when 
smu 
contacts on a rT 
circuit aa 1s 


not Opt rat d 


FIG. 8. A relay NOT circuit 


Circuits that are controlled by 1 
lays can carry currents to control othe: 
relays; thus complex computer net 
works can be built up out of relay cu 
cuits performing only the AND, OR 
and NOT functions. The extensive 
experience of the telephone industry 
in relay networks has 
in detail’, and other gating devices 
are probably of greater interest here 


been covered 


VACUUM TUBE GATES 


To the electronic engineer, who is 
well acquainted with the control prop 
erties of the vacuum tube grid, a 
multigrid tube is a convenient tool to 
implement the AND function. The 
positive signals to be “AND-ed"’ are 
applied to the various grids of a multi 
grid tube, and only when all signals 
are present can plate current flow and 


produce an output voltage. Unfortu 


nately, 


back In most tubes the 


this method has several draw 
yntrol grid 
creen grid, suppressor grid, and any 
others that may be pr ent have er 
different quantitative cftect mm the 

] 
plate current Thus the signa 


| el 


applied to them would have to b 
idjusted = a Alternativel 
one might use only those grids that 
have verv similar characteristi but 
this reduce the number of nput 
vhich can be “AND-ed” in one gat 
A specially-designed gate tube having 
two independent control grid the 
GL-5915-A. Another useful tube 1 
the 6AS6, in which th mtrol grid 
ind suppre 
ime effect on the plate urren 


] 
ordingly 


sor grid have about 


Another ipproach would 
ign a tube especially for gating s 
eral function In thi 


more remot 


simultaneoush 
rube grid successively 
from the cathode would have decrea 
th ume control over the plate cur 
rent. Without accelerating grids, th 


current in such a tube would probably 


in order to ha 


be very small even in the “on” state 
' 


[he expense, complexity ind relia 
bility problem make this approa h im 
practical 

l’ortunately, several other circuit 
are available for the AND gate and 
for the OR gate. Some of these cu 
cuits are de devices in which 0's and 


| are represented Dy ontinuous 


voltage level ome are pul e devices 
in which presence of pul es indicate 
their 


mixed 


a | ind absence 


ome are ystem 
levels are sampled ol 


pulse ligure 9 show mie om 
monly employed de gates using tubs 
Che plus and minus signs in Figure 
9 are relative only and could be read 
high” and “low to 
indicate the two voltage levels. Which 
of the two levels is identified with the 
binary digit 0 and which with | is at 
In fact, the 
idopts may be reversed 
to plac 


equally well a 


the designer's disposal 
convention he 
within the ma 
to simplify the circuitry, pro 
vided it is done consistently 

Circuit A) and (B) are dual 
Ihe logical function which each pe: 
forms upon positive 
formed by the other 
Circuit (A) 1s 


frequently used because the 


from place 
chin 


ignals is pet 
upon negative 
somewhat |e 
cathode 
to ground capacitance limits the rise 
rate of the output puls« 

Circuit (C) is arranged » that 
when the two tubes conduct, they ar 
in a fully on condition, with the grid 
somewhat positive with respect to th 
cathode. If one grid is driven negative 
current in that tube is cut off; but the 
other tube absorbs the 


signals 


current, and 


1 negligible change in output poten 





FIG. 9 Some vacuum tube gate circuits. 


tial takes place. If both grids are 
driven negative, however, both tubes 
are cut off, and the output voltage 
falls to the cathode return level. Cir- 
cuit (D) is a similar arrangement, but 
with the output resistor in the plate 
circuit instead of in the cathode. 

All the circuits of Figure 9 are two- 
input gates. Thus, if it is necessary 
to gate together more than two sig- 
nals, gates must be cascaded. There 
is some loss in potential between in- 
put and output for most of the circuits 
shown, and this limits the number 
of gates that may be cascaded before 
a de restoring circuit such as an 
E:ccles-Jordan flip-flop is inserted. 

The NOT function is easily imple 
mented with a triode in the circuit 
of Figure 10. When the grid is high 
in potential, the plate is 
vice versa. 


low, and 


FIG. 10 A triode NOT circuit 


TRANSISTOR GATES 


As in other fields of electronics, the 
transistor holds great 
computer circuitry. At first, im design 
ing transistor circuits the transistor 
was considered as a replacement for 
the vacuum tube, since it is an analo 
gous device; and existing vacuum tubs 
circuits were modified to accommo 
date the electrical 
the transistor. 
engineers have 
transistors are 


promise for 


characteristics of 
Gradually, 
come to realize that 
different enough from 
tubes to justify completely new cir 
cuit designs that take advantage of 
some of the transistor’s unique charac 
teristics. The developments of alloy 
junction transistors and 


however, 


urface-bat 
ricr transistors are examples in point’ 
hese new transistors are character 
ized by low voltage drops, low power 
consumption, high a cutoff frequency, 
and rapid recovery, and a new family 
of computer circuits utilize 

Vhe basic 


them 
transistor gate circuit 1s 
what has been called a grounded-emit 
ter switch, and is shown in Figure 11. 
If a large current 1s applied to the 
base by making it negative, then the 
transistor is driven into saturation, 1.e., 
the collector cannot collect all the in 
jected current. It can collect at most 
only V../R, amp and actually collects 
somewhat less than this, because the 
collector is a few millivolts 
ground in the saturated state 

lector thus from V 
( typically three) to 


below 
The col 
volts 
almost 


swings 
minus 


FIG. 11 Transistor grounded-emitter switch. 


ground when the base current is ap 
plied 

Such a circuit can be used conven- 
iently to make AND gates and OR 
gates, as shown in Figure 12. In the 
AND circuit collector, current can- 
not flow in either transistor unless it 
flows in the other as well. Thus w 
is low unless both x and y are low. 
In the OR circuit, cither 
transistor can be turned on independ 
ently of the other. (It should be noted 
that these gates are inverting gate 5. ) 


howe VcI 


FIG. 12 


Transistor gates. 


Although both 


been shown with 


circuits have 
mly two transistors, 
there is no reason why several more 
cannot be used. Of course, addition 
of AND transistors limits the voltage 
swing of the 


these 


output, simec the tran 
voltage drops are additive. In 
circuit capacitance and 
more inductance are added with mor 
transistors. 


sistor 


either more 


FIG. 13 Basic diode gates. 


DIODE GATES 


Many computers use 
which is a way of 
logical 


diode logic 
saying that the 
pertormed by 


functions are 


semi-conductor diode circuits instead 
of vacuum-tube or 
Basi 
ignals are shown 
If all signals have 
either zero units or one 
is evident that in the 
will be 1 onh 
1, and otherwise 
gate, w will be | 


transistor circuit 
diode gate circuits for positive 
im bigure 13 
unplitudes ot 
unit, then it 
AND gate, w 
vhen both x and y are 
vill be 0. In the OR 
whenever either x 
or vy or both are | 
Unfortunatel tray 


| capacitance 
preve nts the 


output voltage of thes 
circuits from changing rapidly enough 
for most use lhe remedy is to apply 
voltage to the gates and 
then to allow the output to vary over 
only a small part of this voltage. The 
AND gate 14 does this 

Ihe voltages and resistances are so 
adjusted that in the absence of signals 
x and y, diodes D,, D,, and D, are all 
conducting. D, acts as a clamp to hold 
the output at minus E, volts while it 
is conducting. An input signal on one 
lead will cut off the diode current in 
that lead, but if D, still conducts, E.., 
is unchanged. ‘Thus for the general 


a large de bia 


of bigure 
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Improved diode AND gate. 5 Output voltage rise in Figure 14 


l 


not just two a Ihe fall time of th utput 
we when any one of the input 
nals is removed is also of interest 
The active part of the circuit now 1 
iS It appears in higure 16. From thi 
Since I, is greater than it may be shown b traightforward 
ition of even aS many as | ircuit analysis that the time required 
puts will not cut off D,, and the out for I... to fall from zero to minus | 
put voltage will not change. Only with olt 
n inputs will D, be cut off, and I 
vill start to rise toward plus FE, volt 
is C, (the stray capacitance) charge 
through R,. However, D, is returned 
to ground (or sometimes a few volt 
ibove) and starts to conduct as the Since E, tends to raise th oltage 
oltage acto it gor positive Chu C.. it is evident that ¢ tends to di 
the total swing of E,,, is from minu charge toward a negative voltag mn 
I, to zero, but because this is only the iderably smaller than | \ mor 
initial part of a charging curve that rapid fall can be obtained by using a 
vould go to plus kf, if D, were not larger E,, but the price for this is in 
present, the rise time is very hort creased powel cis ipation If the volt 
Ihe voltage form is shown in Figure iwe toward which C, tends to discharg¢ 
Ihe rise time, t,, from minus E, to (EAR ELR,)/(R, + R is sufh 
ero, is found from the equation ciently larger than E,, then the di 
: charge curve is approximately linear 
RC, In — during the fall time, and 


If ky is sufficiently larger than E 


the charging current i approxi R R 


mately constant during the rise tim 
Of course, this is the worst case po 


sible, since removal of several input 
signals would allow C, to discharge 
through as many paral led path 
Usually, however, t, is larger than t 

, 


Similar use of clamping diodes and 


from minus I, to zero and ¢t, is given 





ete oS SS 


FIG. 17 Improved diode OR gate. FIG 
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large return potentia 
the OR circuit, a 
l7 Input diodes D 
nally non-conducting 
cither input X or input 
duction through th 
diode, and ¢ 
minus EK, towa | 
ind is clamped at ground | 
it gets that high. Unfort 
le the pulse voltage 
vhich wasteful of p 
not rise rapidly enough 

[his condition ma 
driving OR gates on] 
inputs, as shown in bigu 
example i signal upp lie 
di cle D and D ite ¢ 
tarts to charge toward 
D, is ordinarily returne 
voltage lightly mor 
minus | rit t 
is cut off in thi 
\ OO a ( ha 
than this potential 
ducts, and C,, is the 
leled with ¢ 
is ¢ charge md 
liode D. conduct 
Eu 18 made the initial 
ing curve that would 
I’, volts were it not 

This type of circu 
ried to a high degree of development 
in the gate circuits used 1 SEAC 


18 OR gate driven from AND inputs 





MIDAC id FLAC ¢ ymputers, as 


iOwnl In | igure 19 The input id 


mm the outputs of similai 
id are thus returned t 
ugh on 
istor that 
f driving various number 
Inhibition (the NOT fun 


plemented by returning the 





to b inhibited to a negative 
utput pu lead from another unit 
Mhis lead it plu + volts in the ab 
of enal, and the nput diod 
t it doc not nduct 
val 1 pre ent, however, the 

ts and the AND acti 


ut it that point are 


=H pods 


~ 


> WAAAN A> 


i aa a ae 


-e-Wnr-0 


RESHAPING GATES 


Retiming and haping Of pulse 
linaril I ) n ich unit of 
UI] of AND ) 
f the OR plexity of the 


nchronizing ) iscaded beto 


Dynamic diode ¢ uitry as used in SIAC 


input In add res volta ind imped 
ad ie Output \ mila techniqu 

into a two-diode MIT's Whirlwind 

if the ignals to two dc voltag 

lap the tart 
tput pulse 
the lo 
du 


pu 





f and either 
db) oric and 7) 


Pulsed de diode gate. 
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FIG. 23 


£=(A+8+C)0' 
= (Aor BorC) and not 0 


Output & 





} Readout 
VIG, 24 


winding or a clear winding) and an 
output winding. Input current flows 
into the dotted input terminals to in 
sert a one, Readout current flows into 
the undotted readout terminal to re 
store the core to zero. If the core was 
in the one state, a readout pulse makes 
the undotted output terminal go posi 
tive. Inserting an input signal makes 
the dotted output terminal go positive, 
but the current due to this polarity 
may be blocked by a diode in series 
with the output terminals, 

In one mode of interconnection of 
cores, all the readout windings are 
placed in series, and readout occurs 
at regular intervals. Since output 
pulses occur at the same time as read- 
out pulses, the output from a core 
must be delayed somewhat before be- 
ing applied to another core, so that 
input and readout pulses will not be 
applied simultaneously at the second 
core, ‘This may be obtained through a 
low-pass RC filter in series with the 
output winding (Figure 23), 

As just shown, several circuits can 
merge at a core (the OR function). 
Several circuits can branch from a core 
if the core’s output drives several in 
puts in series 

The other logical function most 
readily implemented by cores is the 
NOT function (Figure 24). The ne- 
gating signal is applied to an input 
winding in opposite polarity to that of 
other inputs and blocks the action of 
the other inputs. The inhibiting 
winding must have enough turns to 
buck out the magnetomotive forces 
resulting from any combination of 
input signals that may be present 
Guterman, Kodis, and Ruhman* have 
suggested symbols (Figure 25). 
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An AND gate can be made by 
adding a core device that produces a 
continuous sequence of ones, Such 
1 device might be a core with a de 
input on one winding and readout 
pulses on another. The de input in 
serts ones, which are then read out at 
each readout pulse time. This can be 
represented by a circle with a 1 in it. 

One way to implement the AND 
function is to note that: 


A+B = (A’ + B’)’ 


Thus, A’ and B’ are combined in an 
OR circuit, and then the output of 
that circuit is negated (comple- 
mented), as in Figure 26. From the 
basic AND, OR, and NOT configura- 
tions, any complex logical circuitry 
can then be built up. 

Other’ circuitry for implementing 
logical functions with magnetic cores 
is currently under development at 
several computer laboratories, and it 
seems probable that the next few 
years will see increasing use of cores 
in this application, 


FIG. 


3 


6 


<— Readout 


Magnetic core shift register. 


Symbols ‘or .core logic. 
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NEW BRISTOL 500EW Air-Operated Controller offers pro- 
portional band to 400% and reset-plus-derivative control. 


New Bristol 500W Air-Operated Controller 
offers proportional band-width up to 4007 


The new 500W Controller, latest addition to 
Bristol's 500 Series of Air-Operated Controllers, offers 
better control of difficult processes than ever before. 
The 500W features: 

1. Wider proportional band allows control of difficult 
processes without cycling or instability. Choice of two 
band-width ranges from 1% — 200% or 2% — 400% 
of chart width, adjustable by user. Choice can be 
made by the user — no extra parts, no special tools, no 
calibration required. 

2. Increased stability, without loss of sensitivity, for 
smoother control. New internal stabilizing elements 
insure freedom from short-period oscillations. 

3. Wider reset response range to eliminate offset or 
droop errors in control. Standard reset rate of 0.1 to 
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RECORDING AND TELEMETERING 


10 repeats per minute or fast reset rate of 1 to 300 
repeats per minute are available 
4. Increased derivative range, for better response to 
changing variables. Derivative time adjustable from 
0,2 to 20 minutes. Bristol’s exclusive zero derivative 
setting facilitates adjustment of controller to process. 
5. Fixed links and levers give built-in calibration for 
greater accuracy, no misadjustment, low maintenance. 
You'll find Bristol’s widened line of Series 500 Air- 
Operated Controllers more than ever adaptable to 
your control problem — whether for controlling pres- 
sures, liquid-level, flow, temperature, motion, speed, 
pH, electrical values, or other variables. Why not get 
all the facts on these instruments? Write The Bristol 
Company, 101 Bristol Road, Waterbury 20, Conn 
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IDEAS AT WORK 


Max-Min Detector Digests 
Data for Conventional Recorder 


While conventional self-balancing po- 
tentiometers can provide excellent data 
concerning average values of process pa- 
rameters, their response speed (a few sec- 
onds full scale) is too low for recording 
high-speed changes. Commonly, volumi- 
nous lengths of chart are obtained from 
high-speed recorders in an attempt to get 
at least a sampled view of the high-speed 
phenomena. The Max-Min Detector, how- 
ever, provides a method for obtaining a 
continuous record of significant portions 
without using extreme chart length. 


. du Pont de Nemours & Co., Inc. quency 


pel CC, By 
iuple electronic Max-Min De 
Higure 1, feeds a standard x 
useful information as 
0.1 sec. ‘The unit plots, with an 
of less than per 


PEVTERLEDNLEN, 


often as In conjunction 


cent, maxi tios and 


signals. A 


tector circuit 


and average valu 


ik h proce ; variable » as 


tempera 

ind thickness 

thie detector 
the values it can 
tested, this cir 


has handled 


pressure, speed 


how basi 
trials. The re 
Electronik 


full span which 


model 
1 four choc bridge 


hs es i nies 


Multipoint Reco 


Detector i 


FIG. 1. Max-min detector and recorder used in field 


complex electrical 
components as high as 
carefully selecting circuit 
components, the frequency range can 
be extended up to several megacycle 
with a 
umplifier the circuit can measure ra 
ratio difference 
simplified three-tube de 
shown in Figure Wa 
developed as part of a complete pach ce 
we for high-speed gaging 
ordet 
ix-point unit with 50-m 
complete 


Input | 
a | . 


Chart time-scale is compressed by de- 
tecting maximum, minimum, and average 
values, storing them for sufficient intervals 
of time, and then releasing them at the end 
of each interval for plotting by a standard 
recorder. Thus 
value and maximum excursions from it 


multipoint the average 
are available within the cycle time of the 
recorder’s multipoint switch. ‘Tolerance- 
type” data necessary for manual or auto- 
matic control of high-speed processes is 
obtained quickly and without lengthy 
chart records. 
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Detector circuits 


FIG. 2. 


Basic circuit extracts average value, peak positive vz 
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FIG. 3. Max-Min Detector circuit that was packaged for ap 

plication trials Lhe input, taken from any measuring device 

that has a peak-to-peak output of 10 my or greater, is pre 

amplified to a peak level of 10 5 \ cathode follower, VIA Input 
provides a low output impedance from which diode “detectors 

A and B operate. A low-pass filter (R, and C,) and a second 

cathode follower (VIB) deve lop a de voltage used by detector : So (—41 
networks A and B for a storage potential reference and a source 

of “average valu in subsequent measuring circuits Peak 
detecting circuits A and B provide outputs proportional to 





Va to gnd Ve to gnd . o gn Va to C 
maximum deviations from “average value’ during each tin P 
avg 


interval Ihe selector switch of the multipoint recorder s¢ SI open Average Pos. ov< 'g. avg excursion 


quentially selects these outputs and feeds them in the same 
order into the vacuum-tube voltmeter circuit, V2A and V2B SI closed Average Pos. peok Neg. peck Peak to peak 


from which they go to the recorder 


1 higher ) tio | th 
i ge and 1 rd it with a Brusl ignihcant information on 
orde Recorder peed characteri rh xinun i minimum thick 
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(A) Brush Recorder Chart (B) Max - Min Detector Chart 


- Thickness Thickness 


FIG. 4. Recordings of profile obtained in actual tests. Broken reference lines between the two chart 
strate relative chart lengths covering the same inspection period. Figure 4B shows that the great amount of 
data in Figure 4A is analyzed by the detector and compressed for recording on the short length of the chart 
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CONVAIR does an 80 man-hour job in 
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... With a Berkeley DATA REDUCTION SYSTEM 





The Berkeley Tape-to-Card Data Reduction Sys- 
tem shown here was designed to meet the specific 
needs of flight data handling stations operated by 
a major aircraft manufacturer. 


FM signals from suitable transducers aboard the 
aircraft, representing such data as airspeed, altitude, 
temperatures and pressures, are tape-recorded 
either aloft or at ground stations. The Berkeley 
system converts the FM signals to digital form, 
automatically punches the data on IBM cards. It 
punches 30,000 points into the cards in 30 minutes 
~—a job that formerly required 80 man-hours! 


Automatic Compensation for Tape Speed Variation 
Accuracy is far beyond that of present airborne 


components. Compensation for errors due to tape 
speed variation is automatic. It provides a low-cost 
system for digitizing frequency-modulated informa- 
tion in convenient form for processing or storage. 


The Berkeley Tape-to-Card Data Reduction sys- 
tem is a typical product of the Berkeley Systems 
Engineering Group. This unique facility offers a 
fully-integrated systems design, manufacture and 
installation service from a single source, with single 
responsibility. They're ready to meet your needs, 
whether they involve data reduction, automation of 
a single operation or an entire production or process- 
ing cycle. Why not investigate now? Please address 
Dept. L-2 





Berkeley 
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BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND 4, CALIF 








CONTROL SYSTEMS + COMPUTERS + COUNTERS + TEST INSTRUMENTS + NUCLEAR SCALERS 
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Here's a Low-Budget 


Analog Simulator 


The experience of Rensselaer’s Mechanical Engineer- 
ing Dept. might influence your estimates about the 
necessary cost and accuracy of analog simulators. 
This one was put together for only $500 plus—using 


“semi-forced” volunteer labor. 


JOHN MACDUFF 
Rensselaer Polytechnic Institute Ihe 
department 


wiring and 


Be ick 
ginecr as an 


the cn 
the | cm-forced 


Cict 
INCTCASC 


being valuable to 
analysis tool, 
tronic analog simulator 
thi 


catol 


Call 
cmMciency USE 
Such a 
riV( thi 
the re 


ltt a CI 


of the engineering edu 
imutator e bigure | 
tudent a 
ponse of mechanical 

hort time It pre 
ults graphically without the labor and 
tin lick 
tudent 
tem 
ictu 


tem 


Inu tine 


»( 
broad picture of 
omprising tl 

ystem : | . 
thic problem 


Ddanana plu y 


ents 1 


real nected m th 


involved in long 
Thi thr 
the behavior of a 
to that obtamed by 
real 
vith which parametes 
further advantage of 
istrument: it takes only a 
to double a spring con icks are pro 
oefhicient 
imulator in the 
clops im the tudent an 
or the po ibaliti larg 
ynputers hold for 
cering problem 
tudent to te 
that 


| ] 
acla 
plug board 


ist ot Jie 
ited in Figure 


tw input jack 


calculation 
i feel for 


VCI ybital 


rie 


ally expenmenting on the 


iailable on th 
hla 


| h rOwW itt 
mite 


cr 
l l 


| 
Manne 


i damping 


mall 


nein 
the 

of thinking Anput 

from 
iding current amplifier # 
thu 


modem d 


cncourage 
Output 
from 
omplifier® 


] 
cChopmeniit 


in electron nulato 
is a major problem for 


choo] 


im Cnginecring 
thi ise. the 
olved by buving onl 
initold of 
itional unplihies tw DOV 


laboraton In 
pr blem was 
the basi 


ten oper 


miponent im 


unulator, exclu 
main framework wa 
hop 


oldering wa 


ot labor 
built 
md the 


Na ., fyt)} 
ih the 

nec ir 
done on 
Nunteer basi 


id condenses 
miponent ot 
ted to double 

then 


ce on 


itl 
CO 
the 
board Con 

iS ind 

' implihier ha 


ufput pach 





uch as jack 
tal st 


hardw ire 


[he t 


upplic and 


plug hie 


ind | 


~ 


Plug board layout for 


hiG l The 
Standard 20 
ponents ar 


$500 analog simulator 
tolerance 


for the 


per cent com 


used (except com 


mercial amplifiers 


th ward a 


Orne! | tor 


lowe 
iliy 
thr 


illo ope 


th 
chan 
inputs quickl vitching 


uifput rom a 


1141 


ae ae 


the simulator (see text 


FEBRUARY 1956 





104 


JPL...an Established Center 


of Research and Development 


, a At this time we are particularly 


interested in interviewing 
graduate engineers and scientists 
in the fields of aerodynamics, air 
craft structures, mechanical engi 
neering, chemistry, chemical 
engineering, heat transfer, elec 
tronics, systems analysis, electro 
mechanical instrument design, 
instrumentation, metallurgy, 
nuclear physics and solid state 
physics. 

These men should be definitely 
interested in scientific research 
and development relating to the 
problems of the future. 


CALTECH 
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The Jet Propulsion Laboratory is a center devoted entirely to scientific 
research and development. Its prime objective is obtaining basic informa 
tion in the engineering sciences related to missile development and t 
explore the various phases of jet propulsion. In addition a large share of! 
its program is devoted to fundamental research in practically all of the 
physical sciences. 

The Laboratory extends over more than 80 acres in the foothills ot 
the San Gabriel mountains north of Pasadena. It is staffed entirely by 
personnel employed by the California Institute of Technology and conducts 
its many projects under contracts with the U.S. Government. 

Exceptional opportunity for original research coupled with ideal 
facilities and working conditions have naturally drawn scientists and eng 
neers of a very high caliber. These men, working in harmony, are buildin, 
a very effective task force for scientific attack on the problems of the futur 

An unusual atmosphere of friendliness and cooperation is apparent 
at the “Lab” and newcomers soon sense the warmth of their acceptance 
New advanced projec ts are now providing some challenging problems 
and good jobs for new people 

If you would like to develop your skill and knowledge at the “| ab 


and, at the same time, help us solve some of our problems write us today 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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SIMULATOR DIAGRAM 


ontrol system studied on the 


hing 
ements in 
hest order 
| to date 


Wool Web Variations Controlled 


McGraw-Hill London (England) Bureau night 
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Closed-loop control of a 


process improves final product 
and reduces spoilage of mate- 
rial. Wool-carding is no excep- 
tion. A photocell circuit, self- 
stabilizing light source, and a 
variable-speed drive 
roller speed in the Autocount, 
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The key to high quality reception for Dubuque TV viewers tenna site, at the distribution hubs, and at the pole line 
is provided by derrold’s high-gain, low-distortion signal feeders (above) these amplifiers depend on built-in and 
amplifying equipment. “Right down the line’ —at the an accessory Sola Constant Voltage Transformers 


From Head End to Poie Line Feeders, 
Sola Constant Voltage Transformers 


Regulate Dubuque Jerrold TV System 


The Jerrold community television system from Dubuque, Iowa, is an 
excellent example of system-wide use of regulated supply voltage to 
insure top performance and low maintenance costs 

‘To provide Dubuque viewers with the highest quality picture possible, 
the system uses high-gain receiving antennas, mounted on a 420’ tower. 
Jerrold high-gain amplifiers then forward signals through 12 miles of 
coaxial cable, branching into an amplified distribution network of 130 
miles of coaxial cable embracing the whole of the city. 

Peak performance of amplifiers and other electronic system com 
ponents requires maximum stabilization of supply voltages throughout 
the system. For this reason Sola Constant Voltage Transformers are an 
integral part of line amplifier power supplies, and are used as accessories 
with other equipment 

Sola standard static-magnetic regulators provide automatic, instan 
taneous output voltage unaffected by changes in input voltage. Their 
regulation is within +1%, regardless of primary voltage swings of 30%. 
They have no moving parts, no tubes, require no manual adjustments 
and are self-protecting against short circuit. 

If you require a maintenance-free source of stabilized voltage, Sola 
Constant Voltage Transformers may be your answer. Call a Sales 
engineer, or write for Circular 26B-CV-170D. 

Stabilized voltage for Dubuque Jerrold 


system head end equipment, such as pre 
amplifiers and converters shown here, is 
provided by the stock 500va Sola Constant 


Voltage Transformer (arrow) installed 


TRANSFORMERS as an accessor) 


CONSTANT VOLTAGE TRANSFORMERS for Regulotion of Electronic ond Electrkal Equipment © LIGHTING TRANSFORMERS for All Types of Fluorescent 
ond Mercury Vapor Lamps, © SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Ilinois, Bishop 2-1414 ¢ NEW YORK 35: 103 £ 
125th St., TRafalgar 66464 © PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58, Moss., 
Bigelow 4.3354 © CLEVELAND 15; 1836 Euclid Ave., PRospect 1.6400 @ KANSAS CITY 2, MO.; 406 W. 34th St., Jeflerson 4382 @ LOS ANGELES 23, 
3138 £. Olympic Bivd., ANgelus 9-943! © TORONTO 9, ONTARIO; 617 Runnymede Rd., RO 7-1654 © Representotives in Omer Principal Cities 
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HOW CARDING CONTROL WORKS 
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Control of the machine 
the following established 
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through the this at 
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wool web, and 


web’s change in weight per unit area 

P weight per unit length of slub 
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NEW PRODUCTS 


LISTING IN GROUPS 


1- 6 Designs of the Month 
7-14 Pulse Products 

15-28 Assorted Developments 
29-31 Some New Sensors 
32-44 Indicators & Testers 
45-49 Flow Controls 

50-55 Relays, Switches, Timers 
56-62 Rotary Actuators 

63-67 Power Sources 


AN-DIG converter accurate to within 10 sec of arc. 

And now a music company joins the Keach of the sensor nt to within parts per 
ranks of control component manufac istor preamplifier, providing a y nother 
turers. Utilizing experience in the field output signal with less than 1,000 lis particular item we 
of clectronic organ tone-disc manufac ohms internal impedance Light fo lb and is 9 in. in diam by hig] 
ture, The Baldwin Piano Co, has pro the readings comes from a small bulb rather substantial compared to oth 
duced a super-accurate analog-to-digital flashing at 60 eps. Dividing 360 deg models now being developed. Soon 
converte! \ photographically im into 65,536 parts, as does this ma to be available will be sine and co 
pres ed 13- and 16-digit code wheel chine, one obtains an accuracy of 10 dis is well. The Baldwin Piano Co 
in the machine is read by photo tran ( of are Ihe maker claims that 1810 Gilbert Ave., Cincinnati Ohi 


sistors through a 3-anicron-wide slit egments of the code disc are accurate Circle No. 9 on reply card 


AUTOMATIC WIRER uses 
punched-tape information 
to speed circuit fabrication. 


[he machine at nght borrows the 
technique cle veloped at Bell Labora 
tories to wire panels up to 94 in. square 
from punched-tape commands, Con 
nections, by a wrap-and queeze opera 
tion, can be made as close as 0.2 in 
mia 40 by 40 in. pattern. It take 
from 5 to S sec per connection lwo 
wiring Carriages move in X and Y axe 
while the board itself can rotate in 
90 deg steps. ‘The maker offers it for 
short-run electronics producer ind 
long-run manufacturers who may ha 
difheulty utilizing printed circuitry 
Clevite Research Center, 540 EF. 105th 
St.. Cleveland, Ohio 


Circle No. 2 on reply card 
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Circle No. 3 on reply card Circle No. § on reply card 


NEW APPROACH to process control information features simplicity, compactness, flexibility. 
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How to whip your 
relay problems! 


ADVANCE... 


j 


) CONTACTS, 
for example 


Say the word and 
we'll up the sizes... 
switch from fine 
silver to tungsten, 

? palladium, silver- 

P cadmium oxide, 
gold contacts, or... 


4 


i LsJZ 
Wi 


» 


you name it! 4 


INSULATION —w ox | . 


Laminated | 
phenolic, 
silicone glass, \ 
. ceramic 
») steatite, linen- 
: base bakelite, 
or... you 


name it! er 


\ ao 


ANYTHING 
SPECIAL... 


ADVANCE 
will engineer, 

~ develop and 

* produce the 

custom relays 
you need in 
minimum time. 
Call 
ADVANCE 
for action. 


ELECTRONIC USES 


We build a vast variety 
of sensitive, reliable 
relays...create superior 
new designs quickly. 
You'll find our quality 
control is now the 
tightest in the industry. 


Write—and let 
us solve your 
relay problems 





ADVANCE ELECTRIC 
AND RELAY CO. 


An Elgin National Watch 
Company Attitate 

2435-A NORTH NAOMI! STREET 
BURBANK, CALIFORNIA 
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NEW PRODUCTS 


PULSE PRODUCTS 


CONVERTS parallel recorded 
data to serial binary. 
Ihe Datex Model PC-105 is de 


ined to operate type writer tap 


punches idding machines, or other 


devices requiring serial code informa- 
Gray, Ol 

An in 
ternal plugboard helps prepare the in 
of it 


CONVCTSION 


tion from parallel binary, 
binary decimal recorded data 
strument to handle any possible 
input forms for into any 
of its Output format 
key adding machines and up to seven 
hole binary code instruments. G. M 
Giannini €& Co., Inc., 918 EF 
St., Pasadena 1, Calif 


Circle No. 7 on reply card 


It controls ten 


Ccreen 


KEYBOARD DATA converted 
to computer tape. 
lhe 


for digital computers 


Codescriber, an input device 


makes 


tape notation of keyboard information 


magnetic 


arithmetic ci 
modification and 

itors for decimal readout I 
display Logistics Research, In +] 
S. Pacific Ave., Redondo Beach, Calif 
Circle No. 8 on reply card 
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FREQUENCY ANALYSER plots 
three-dimensional display. 


The machine above has a 
function 
of audio frequency 
region of 50 to /,0U00 cyck 
ire in units of time and freq 

lhe amplitude of a given f 
at a given time is indicated by the 
density of the marking on the 6-by-12 
in. graph paper. If a particular 
studied in detail, a 
amplitude versus — fre 
tin plot 
can be frequency 
information for the display recorded 
Franklin Elec- 
Pike St., Phil 


Unig u¢ 
three-dimensional ding 
spectru il ' thi 


quency 


ifCa 
is to be greate! 
conventional 
quency or amplitude versu 
made. The original 
on magnetic tape 
tronics, Inc., 415 W 
adelphia 40, Pa 
Circle No. 9 on reply card 





a new wire wound potentiometer 


The mechanical and electrical features of Type 2W 
Rheostat-Potentiometer are designed for 
current and future electronic circuits. This modern, 
2 watt unit offers maximum application 
adaptability plus typical IRC superior performance. 
Electrical operation is improved by one-piece 
center terminal and collector ring, and direct 
contact between collector ring and contactor. 
Advanced mechanical design anchors winding 
securely to strip, locks element into position, 
and assures accurate location of terminals. 


Better Heat Dissipation 


Greater Dust Protection 


o Increased Mechanical Rotation 


e Increased Electrical Rotation 


> More Resistance Values 


Double and Single Taps Available 


a 


INTERNATIONAL RESISTANCE CO. 
Dept. CE, 401 N. Broad Street, Philadeiphie 8, Pa 


in Canada: International Resistance Co., Lid., Toronto, 
licensee 


Send Bulletin describing Type 2W Potentiometers 
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Noise Free 
A.C. Power! 


NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 
VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 

@ Furnishes 1.4 KVA of distortion-free 
power 
Electronically regulates 115 V out- 
put to ~1% 
Recovery time less than 1/50 cycle 
Provides additional 4 KVA of ©1% 
electromechanically regulated 
power 
Electromechanical time constant 
only 0.6 seconds 
Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency appearing in 
115 V., 60 eps power sources. In one 
compact package, every laboratory 
can now obtain both 


noise 


1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c, computer system null- 
ing operations, Many other applica- 
230 V. model also available. 
Immediate delivery. $1,689 f.0.b 
Carlstadt, N. J. Write for details 


tions 


CURTISS-WRIGHT. 
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NEW PRODUCTS 
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Circle No. 40 on reply card 


Fm 
oscil 
lator 


| 


/nput 
s gna/ 


Reactar 
a4 eactance 
tube 


] 
tad DCW 


AL VOLTAGE INTEGRA 
By converting a t 


cri ot 


nto a 
variable treq ind 
ounting the pulse ome 
time, the Anadige DD tal In 
iw System can achu digital 
| of the measured t Th 

only 1] ‘ 


In 


require 
Research 


N.] 
Circle No. 44. on reply card 


P () } 2974 


TRANSFORMERS 


‘ 
il 


{ 
Wicd 
jund t 
from 


Pechnitr | 


Fourth St., P 
Circle No. 12 on reply 


SPEED PRINTER 


| t iT 


ne of high 
idin 
ind ha 

model, littl 


; writ 


On 


ited column 

if f 20 line 
turn out mate 
characte x 
cr Co . 
Ma 


Circle No. 13 on reply 


To other 


honne !s 
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PRELISIUN RESULVERS 


2eued 


Accuracy better than 0.05% 
Maximum interaxis error as low as 1’ 
Very low distortion 

60 or 400 cps. or wide bana 


With or without booster amplifier 
compensation 


Standard military frame sizes 


the HIGHEST PRECISION resolvers available 


Reeves’ many years of experience as a pioneer in the field 
has made it possible to manufacture these compact precision 
resolvers in quantity production to a functional accuracy 


of 0.05% without culling—or to an accuracy of 0.03% on 
REEVES PRECISION RESOLVERS 
AND RELATED COMPONENTS 


special order. Harmonic distortion and null voltages are 
held below one-tenth of one per cent. 


Reeves resolvers are primarily designed for 60 and 400 


tion. Special units are available for use at over 100 ke 
bandwidth. The Reeves R600 series is the standard of 
comparison among precision resolvers. Miniature resolvers 


| cps. operation, with or without booster amplifier compensa 
{ 


of highest precision are also available 


Write for the Reeves Resolver Handbook 
MINIATURE BOOSTER 
PRECISION AMPLIFIERS 
RESOLVERS 








/METRUMENT CORPORATION 


CONTINUOUS REEVES INSTRUMENT CORPORATION 


RESOLVER A Subsidiary of Dynamics Corporation of America 
CHECKER 209 East 9ist Street, New York 28, New York 


2aV56 
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WEIGHT 10 OZ 


NEW...the 400 cycle 


vernistat™ 
a.c. Potentiometer 


you asked for! 


The 400 cycle Vernistat is an a.c. potenti 
ometer-type voltage divider that combines 
high linearity and low output impedance. 
It is essentially a non-dissipative element 
adaptable to high temperature operation 
Size and mounting dimensions are designed 
to the BuOrd specification for a size 18 
synchro 


Here are the details 

* high linearity, inherent in the design 
principle, is maintained over the life of the 
unit 

* low output impedance eliminates need 
for isolation amplifiers in many applications 
* high output current capability. 

* low phase shift 
depending on model. 


less than 90 sec onds, 


* can be coupled with synechros, resoly 
ers and other components —as well as 
ganged 


* nonlinear functions can also be gen- 
erated, 


Class 5 ball bearings, centerless ground 
shaft, and an aluminum housing machined 
to close tolerances combine to make the 
Vernistat a precision instrument, Shaft seals 
will be supplied where they are required by 
environmental conditions 


check these 


specifications: 
Linearity Tolerance © 0.05% 


Minimum Output 


Voltage Increment 


0.01% 
Output Impedance. .less than 130 ohms 
Input Voltage 130 v max. 
Input Impedance up to 75,000 ohms 


*Trademark 


1 
vernistat 
division 
PERKIN-ELMER CORPORATION 


Norwalk, Connecticut 
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NEW PRODUCTS 


ASSORTED DEVELOPMENTS 


PRECISION POT: Among the fea 
tures of a new pot, model 748-E, 
whose linearity is to within 0.1 per 
cent and even higher on special order, 
is its ability to accept up to 33 taps 
Six can be ganged without disassem 
bling any of them. ‘The starting 
torque is | oz-in., OD 34 in., and re 
sistance range 80 to 150,000 ohms. 
Fairchild Camera and _ Instrument 
Corp., Hicksville, N. Y. 

Circle No. 15 on reply card 


LOW VOLTAGE CAPACITORS 
A new line of ceramic-type capacitors 
intended for low-voltage transistor cir 
cuits, ranges from 4 to 4 im. sq. 
They're rated for 75 v max, and offer 
capacitances of from 0.001 to 0.1 
mfd. Gulton Industries, Inc., Me- 
tuchen, N. | 


Circle No. 16 on reply card 


PRESS CHECKER: A device that 
detects the passage of metal parts by 
an energized coil provide § information 
for stopping a press in the event the 
die doesn't clear. Output can also 
1 counter. Robo 
Detroit 19, Mich 


Circle No. 17 on reply card 


be used to operate 
tron Corp., 


i 


RESISTANCE STANDARD 
100 kilohm accurate to 
within 0.0015 per cent can act as a 
basic comparison standard for resist 
ances ranging from 8.25 kilohms to 
1.2 megohms. The resistors in the 
standard are stable to within 5 ppm 
per deg C. Julie Research Laborato 
ries Inc., 341 East 149th St., New 
York 51, N. Y. 


Circle No. 18 on reply card 


I welve 
resistors 


MOTOR DRIVEN ‘TIMER: Said to 
have a very wide range of time delay 
settings and instantaneous reset, a new 
timer (designed to specifications) i 
3 in. long and 24 in. in diam. Bristol 
Motor Diy. of the Vocaline Co. of 
America, Inc., Old Saybrook 


Circle No. 19 on reply card 


Conn 


PUNCH PRESS FEED: An abilits 
to handle stock up to 36 in. wide br 
sth in. thick does not top a new 
punch pre feed from accepting much 
narrower material. Special I-ngineer 
ing Service, Inc., 8181 Livernois, De 


troit 4, Mich 
Circle No. 20 on reply card 


DESK TOP computer handles linear differential equations. 


The “Miniputer’, shown above, 
solves linear servo and simple flutter 
problems, and serves as a computer 
personnel training aid. The British 


maker claims that the little analog 


computer can handle a total of ten 
variables and derivatives. Saunders 
Roe Ltd., Southampton, Eng 


Circle No. 2% on reply card 





new 
ligital «= 
magnetic | 

tape | 
ransport 


- J Rix, ~~. 
. (PD fs nes 


the AMPEX FR200 for digital handling provides new performance 
Standards, new convenience features and an unmatched excellence of design 


NEW EASE OF TAPE CHANGE... 

The time saving feature of single loop threading is pro- 
vided by a lever which moves the idlers into a straight 
line. This arrangement eliminates chance of faulty 
threading by unskilled personne!. 


NEW MACHINE-TO-MACHINE TAPE COMPATIBILITY... 
All Ampex FR200 Tape Transports are manufactured 
to exact standards that permit tapes recorded on one to 
be reproduced on any other. Ampex-to-Ampex compati- 
bility is guaranteed — and at no extra cost. 


NEW PLUG-IN HEADS TO MATCH OTHER 

TAPE TRANSPORTS... 

The Ampex FR200 uses self aligning plug-in head as- 
semblies. These can be furnished to match other digital 
or analog tape recorders to permit tape interchange. 
A second head stack for monitoring or “‘off-tape” parity 
checking can also be added if desired. 


FULL SPECIFICATIONS ON THE FR200 and description of 
its features and accessories are given in descriptive literature. | A \\ PEX 
For your copy, write Dept. H-2539 oy 


HIGH-SPEED START AND STOP... 

On the Ampex FR200 the tape attains full speed or full 
stop within less than 5 milliseconds to provide high in 
formation storage density. A remote control provision is 
provided, as well as pushbuttons on the topplate 


NEW STANDARD OF EXCELLENCE... 

The FR200 brings to digital applications the reliability, 
durability and adherence to specification that have made 
Ampex Tape Recorders the most widely used in instru 
mentation. 


NEW LOW PRICES BEGINNING AT $2675 

The base price of $2675 is for a complete FR207-TB 
tape transport, with 7-track head, for 2-inch tape op 
erating at 30 ips tape speed. Prices will be quoted on 
machines with other tape speeds, multiple speeds, other 
tape widths and other heads. 


934 CHARTER STREET 
REOWOOD CITY 
CALIFORNIA 


DISTRICT OFFICES: New York; Chicago; Atlanta; Dayton; Redwood City; Silver Spring, Maryland (Washington D.C. Area) 
DistRisuTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & Equipment, Dallas 


and Houston; Ampex-American in Canada 
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from FORD INSTRUMENT 

















3D BARREL 
CAMS CAMS 


offered in a variety of types 
e with tolerances to +0.0005” 


e for wide range of computing 
and motion applications 


Whatever your computing or motion 
application, Ford Instrument can 
make the cam to meet your exacting 
needs,.,3-D Cams, grooved flat cams, 
external flat cams, grooved cylindri- 
cal cams, The Company's unique 
cam-production facility - 
years of experience 


and many 
guarantee un- 
matched performance in this field 


FREE — Fully illustrated 
data bulletin gives speci 
fications and perform 
ance information, Please 
address Dept CE 


® FORD INSTRUMENT 
COMPANY 
Division of Sperry Rand Corperation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


We 


Rote 
Generators 
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NEW PRODUCTS 


SMALLEST motor-blower has 1 


Operating at 20,000 rpm, the littl 
blower shown above will move 8 cu 
ft of air per min at | in. static pre 


SHEET METAL BENDER; $13.00 
is the price of a simple gadget that 
permits a wide variety of bends in 
stock up to 6 in, wide. A model shop 
and lab item. Lund Mfg. Co., Bidde 
ford, Maine 

Circle No. 23 on reply card 


RESISTORS: Deposited carbon 1 
sistors rated from ro to 2 watts are 
available with tolerances of 2, 5, and 
10 per cent from Electroseal Products 
Inc., 22 E 40th St., New York 16 
N. Y. 

Circle No. 24 on reply card 


GLASS FILM RESISTOR: Stability 
to better than 0.03 per cent per year 
at 4 watt rating and 0.1 per cent at 4 
watt rating are features of a new 
glass-sealed carbon film resistor. ‘The 
PT 500 also withstands 500 deg C 
temperatures without damage to its 
seal. Available resistances range from 
1 ohm to 2 megohms. ‘The resistors 
are available in sets with matched 
temperature coefhcients within | 
ppm/deg C. Size is % in. in diam by 
ve in. long. Pyrofilm Resistor Co., 
8 Whippany St., Morristown, N. | 


Circle No. 25 on reply card 


in. diam impeller. 


sure. The L-R #1 weighs less than 
24 oz. Ripley Co., Inc., Middletown 


(Conn 


Circle No. 22 on reply card 


HIGH VOLTAGE ‘TRANSISTOR 
\ new diffused P-N-P junction tran 
istor, capable of operating at collector 
voltages of 100 v, is offered as a means 
for switching neon lights in computer 
ircuits. General Transistor Corp., 


Jamaica, N. Y. 
Circle No. 26 on reply card 


LUBE FITTINGS: Metal or plasti 
tubing connections can be made by 
simply inserting the tubing into a 
Nylo-Seal fitting and tightening it 
Ihe fittings withstand temperature 
ip to 250 deg I’ and pressures from 
150 to 500 psi. [hey are available 
for tubing from 4 to 4 in. diam in a 
variety of types. The Imperial Bras: 
Mfg. Co., 1200 W. Harrison St., 
Chicago 7, Ill 


Circle No. 27 on reply card 


PORTABLE DELAY LINES: A new 
line of custom-built delay lines can be 
used for lags up to 125 microsec, 
tapped in 5.2 increments. They're 
intended principally for multiplex 
system makers. ESC Corp. 534 
Bergen Blvd., Palisades Park, N. ] 


Circle No. 28 on reply card 








-. continuous 
records 
of 
voltage 


changes 





a Jt 
WITH THEANEW MODEL 504 DIGITAL 
RECORDER WHEN USED WITH THE 
MODEL 503 DIGITAL MULTITESTER 


Here for the first time is a way to monitor volt- 
ages — either a-c or d-c — up to | reading per 
second and at the same time to obtain a printed 
record of the reading. The LFE Digital Recorder, 
latest addition to the LFE instrument line, expands 
the usefulness of other LFE apparatus such as the 
503 Digital Recorder, shown here, or the 501 Time 
Rate Indicator. 

You can easily think of many ways in which an 
automatic printing device would be very useful os 
a read-out and printer for a volt-ohmmeter or 


frequency meter. Here are some suggestions: 


MONITORING OF LINE VOLTAGE CHANGES 

ANALOG TO DIGITAL CONVERSION 

AUTOMATIC RESISTOR TESTING 

AUTOMATIC RECORDING OF OUTPUT FREQUENCY 

AUTOMATIC READINGS FOR RAPIDLY CHANGING PHENOMENA 
LONG-TERM STABILITY CHECKS 

RECORDING OF TRANSIENTS 


Digital Recorder 
KEEPING PERMANENT PRINTED RECORDS 


in use with 


Write for detailed specifications. Engineering representatives in principal cities Digital Multitester 


LABORATORY FOR ELECTRONICS, INC. | 75 pirrs stecer, soston \4, mass 


For export sales contact ANDREW 8S. SZUCS, INC. | 50 BROAD STREET 
NEW YORK 4, NEW YORK 
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SOME NEW SENSORS 


The existence of the remarkable Sigma 
type 72 relay has been hinted at occa 
sionally, starting back in ’53 when it was 
suspected that we might finally have 

: | | something here. In those days we played 
} , a little hard to get because (a) we weren’t 
HOVERED 1954 \ 
quite sure, and (b) they were hard to get. 
} It even got to the point a year or so ago 
| 


| - | that we advertised it as the WORLD'S 
| iN BEST RELAY* which was very carefully 
| - ; qualified; “*"We can’t prove this, but it is 

the opinion of the man who designed it.” 


By now several 72’s have completed half 


REPEAT a billion operations and more in custom- 
er’s telegraph printers, without even the 
PERFORMANCE 


necessity of prying open the ingenious 
repair kit** for contact or armature re- 
placement, Now we're convinced and 
ready to give it a real bellow PRESSURE SWITCH adjustable 
Basically, the 72 is a high speed polar after installation. 


JANUARY 1956 relay whose REPEAT PERFORMANCE As the illustration h mv Ointe 


ind window in this pressur vitcl 
for telegraph service and useful for hand. provide a simple means for resettin 


(get it? heh!) makes it admirably suited 


ling other forms of data up to 500 pps the actuation pre ssure setting through 
a 15 to 3,000 psi range. ‘This span 1 
Significant specifications are tabulated , ‘, 
covered by three models, which off 
ictuation values varying from 10 to 
250 psi. An external adjustment 

(an unusual Sigma feature) does the s« tting, and 1 pl ton-t" pe 


below, and to them we'd like to add the 


crucial one; Series 72 relays are available 


sensing element does the tuating 
Barksdale Valves, 5125 Alcoa Ave 
Los Angeles 58, Calif 

i . | d 
SPECIFICATIONS Sigma Series 72 Relays Circle Ne. 2® on reply car 








Operation; principal use Polarized; telegraph service, data handling 
up to 500 pps 


Contoct arrangement, life and SPOT, 5x 10° @ 60 ma OC 
load rating 


Man. aperiodic pulse rate 500 pps 
Man, following pulse rate 1200 pps 


Vibration immunity 15 g to 500 cps even at highest sensitivity 


“* 
Bias, sensitivity adjustable; contacts, armature by 
easily replaceable 


We won't horse around about the 72 any more. You don’t have to beg us to 


Maintenance, adjustment 








sell them to you or for “fast” delivery, Just drop us a line and we'll see to it that 


GAS ANALYSER sensitive to 
infrared frequencies. 


you don’t have a moment's peace until you buy some — we dare you. 


~ 


i | By measuring the loss of energy in 

/ / an infrared beam passing through a 

| / sample, the gas analyzer shown above 

he ) ® ' | / / ss detects the presence of 0 to 50 ppm 
. 


sal - CO and CO, and other hard-to-sens¢ 
SIGMA INSTRUMENTS. INC. concentrations. The model 70 is a 
69 Pearl St. So. Braintree, Boston 85, Mass. dual-beam non-dispersive instrument 
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new Baldwin instrumentation system 
measures engine thrust electronically 


In the new test cells at an Air Force base in 
California, jet engine thrust and consumption 
of lubricating oil are measured by a Baldwin 
instrumentation system that is instantaneously 
responsive and accurate to 14°%. 


At the heart of the system are the Baldwin 
SR-4® transducers which sense changes in load 


and convert them into electrical quantities. Load 


cells are hermetically sealed and have no moving 
parts, so the system is always reliable and virtu 
ally maintenance-free. Signals are transmitted 
from the SR-4 load cells, amplified, and indicated 
on specially modified 5-range potentiometers 
which are calibrated in pounds for direct reading. 


BLE 


Divisior 


°* Lima 


Every Baldwin system is pre-loaded and cali 
brated to achieve the guaranteed accuracy. Sig- 
nals may also be fed into a digital computer. 


Baldwin designs and builds instrumentation 
systems for any application involving force, 
weight, pressure, torque, flow, tension from 
simple measuring and indicating systems to 
complete feedback control. Next time you have 
a control problem, why not let our engineers help 
you? In the meantime, for a copy of our illus- 
trated bulletin 4309, write to Electronics & In- 
strumentation Division, Baldwin-Lima-Hamilton 
Corporation, 806 Massachusetts Avenue, Cam 
bridge, Mass. 


BALDWIN-LIMA-HAMILTON 


) Western © Eddystone « Electronics & Instrumentation © Hamiiton 


Loewy-Hydropress * Madsen * Pelton * t jard Steel Works 








TEKTOR. Electronic Level Control | wew rrooucrs 
now approved for hazardous areas 


with selective detectors that react only 
to the wavelength of importance in 
the analysis. Applied Physics Corp., 
362 W. Colorado St., Pasadena, Calif 


Circle No. 30 on reply card 


NEW ACCELEROMETER An 
idaptation of a guided missile acceler 
meter to high peed aircraft on the 
market Model GLO has a range of 
from plus or minus 0.1 t x up to 
0 g with reduced magnetic damping 
Ihe instrument uses a parallelogram 
leaf spring supporting a ma that 
moves a pot wiper. Linearity is within 
1 per cent, and the natural frequency 
is 6 to 10 ep Genisco, In 33 


Federal Ave., Los Angeles 64 Calif 
Circle No. 34. on reply card 


INDICATORS & 
TESTERS 


Practically every plant can improve level control electronically —and 
meet safety requirements —now that the entire Fielden Textor System 
is UL listed and FM approved for Class I, Groups C and D, and Class II, 
Groups E, F and G, hazardous locations. 

This explosion-proof unit features a specially-designed ferralloy hous- 
ing and Teflon* insulated probe. Available for fail-safe high or low level 
control, it now brings the simplicity and versatility of capacitance 
circuitry to areas free of acetylene, hydrogen, or equally hazardous gases. 


—— eye TEKTOR features 














© Controls level of liquids, liquid 
TEKTOR interface, powders, granular 
6 solids (conducting or non- 
latiecter conducting) 


As level changes, capacitance at the probe @ Responds to changes as small 
also changes and mo a relay. TEKTOR as 1/16” in aqueous solutions 
flashes a warning and can operate controls e No moving parts—only one 


to keep level from exceeding desired limit radio tube MULTICHANNEL scope shows 


24 traces using one gun. 


Sweeping its . l-in 
*Trade-mark for Dy Pont OOO ec this mul 
tetrafvoroethylene resin. , a ao See 
7 OW cope sequentialh te] 


hannel by mean 
‘oS witching ind use 
. _ ~The  — —— ~~ se eee ee eS, 


FIELDEN INSTRUMENT DIVISION tg able rare 
Dept. S$, 2920 N. 4th St, Philadelphia 33, Po. 

Please send me the following bulletins: 

(") TEKTOR Level Limit Control [-] NULL-BALANCE Recorders-Controllers 
[-] TELSTOR Continuous Level indicator [_} SCANNERS 

["] TEKTOLOG Recorder-Controllers [-] MULTI-POINT Recorders 











ing any portion 

Each trace can be lepe 
tioned. As thi photo 
circuit is included 
provide vertical timin 
trument displa igia 
on each channel. Sou 
dustrial Electronics C¢ 


Oak Road, Houston, ‘T 
Circle No. 32 on reply card 


NAME TITLE 





COMPANY ADORESS. 





ciry, ZONE STATE 





120 CONTROL ENGINEERING 





Make your system COUNT! 





PRINTER 
ELECTRIC 
TYPEWRITER 











zérno 


MEMORY FILE 
PUNCH CARD 





P-T-F 
DIGITAL COMPUTER 











GRaPnuic 
AUTOMATIC RECORDER 
GAGE SELECTOR 



































MULTIPLE VIBROTRON GAGES 
MEASURING PRESSYVRE —- TEMPERATURE —- 


BJ DIGITAL SYSTEMS 


INDICATE, RECORD AND CONTROL pressure, temperafure and flow with 
BJ Digital Systems. It's as simple as 1-2-3. One, BJ Vibrotron Digital 
Gages at remote points use frequency changes to measure pressure, tem 
perature or flow (P-T-F) and signal this information by direct wire or 
N radio link. Two, these frequency signals are received and directly indi- 
way cated in numbers on the BJ P-T-F Digital Computer without further 
translation. THREE, this information in numbers can then be fed to any 
desired recording device or used to initiate control action and close the 
loop 
Only digital systems give you the direct simplicity of information in 
percentage by numbers from 000 to 999. Thus, all information has 
a common denominator. Variations in performance are counted and 
not compared 
The heart of BJ digital systems is the BJ Vibrotron Gage which 
uses a vibrating wire under tension. Pressure, temperature and flow 
control the tension and frequency signal 
Other Byron Jackson digital system components include: a Zero 
Memory File which permits simple electronic calibration of all sensing 
gages in the system; and an Automatic Gage Selector which sequen- 
y tially selects signals from any number of gages for measurement by the 
P-T-F Digital Computer 
Model 101 Vibrotron Investigate BJ digital equipment before you make a decision on 
your systems problem. BJ electronic engineers are ready to help you 
make your system count 





ii Byron Jackson 


technical data file 


on “Moke Your Sys DIVISION OF BORG-WARNER CORPORATION 
492 East Union Street + Pasadena 1, California 
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MODEL 5S-14-A 


DC COUPLED 
10 mv/inch 
Ya CYCLE SWEEP 


Size: 12'' x 6° « 7” 
12% Pounds 


ANOTHER EXAMPLE of Wixzman PIONEERING... 


The HIGH GAIN POCKETSCOPE, model S-14-A, is an outstanding 
achievement in the field of oscilloscopes, The high vertical and horizontal 
sensitivities of 10 and 15 millivolts rms/inch respectively; frequency re 
sponses within 2 db from DC to 200 KC; non-frequency discriminating 
attenuators and gain controls; plus individual calibration voltages are but a 
few of the heretofore unobtainable characteristics of DC coupled oscil 
loscopes, The sweep is operated in either a repetitive or trigger mode over a 
range from 0.5 cycles to beyond 50 KC with synchronization polarity 
optional, All this and portability too! The incredibly small size and light 
weight of the S-14-A now permits “on-the-spot” use of the oscilloscope in all 
industrial, medical, and electronic fields. Its rugged construction assures 
“laboratory performance” regardless of environment 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS, POKETSCOPE WATERMAN PRODUCTS INCLUDE 
5-4-C SAR PULSESCOPE® 


$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


4 
WATERMAN PRODUCTS 


122 CONTROL ENGINEERING 


NEW PRODUCTS 


“TELETERMINAL” provides 
up to 50 channels. 


This device for transmitting data by 
frequency-multiplexing provides tran 
mission and reception facilitics for any 
of 23 channels from 300 to 00 ep 
of low frequency signal At tcleg 
raphy printing speeds of 100 word 
per min, 14 channels can be utilized 
in the band from 765 to 3,100 ep 
With microwave links, 40 channel 
can be ope rated on for teleg: iphy and 
50 channels for lower frequé nc phi 
nomena 

I'he photo shows the complet 
transmitter-receiver (available as singk 
transmitter or receiver or as dual 
transmitter or receiver including 
powe! supplic s, tone oscillator, tran 
mitting and receiving filters. Printed 
circuitry partially accounts for the 
ompact 34-in. thick case. The maker 

ivs the apparatus is relatively insensi 
tive to noise and amplitude variations 
of the communication link. Radio 
Frequency Laboratories, Inc., Power 


ville Rd., Booton 33, N ] 
Circle No. 33 on reply card 


Coble to 
regulator 


Regulated 
v 


STANDARD radiator calibrates 
radiated heat detectors. 


Described as a “perfect black body 





Tubes famnidiel in 
° Copper 
¢ Aluminum 


° Steel 
¢ Polyethelene 


Also Special 
Construction 

for 

Underground Runs 


12, 4" 0. D. Tubes 
Type CA 


Substantial savings on installed cost on mod 
erate to long runs with complete dependability 
is achieved through the use of CRESCENT AR- 
MORED MULTITUBE. It is furnished in continuous 
lengths up to 1000 feet, thus saving waste and 
short ends. Corrosion resistant constructions are 


also available. 


IMPROVED 
CABLED 
TUBING 


for use with 
INSTRUMENTS 
and 
PROCESS 
CONTROL 
EQUIPMENT 


CRESCENT 
ARMORED 
MULTITUBE 


Carries Air, Gas or Fluid 


CRESCENT ARMORED MULTITUBE is a group 
of from 2 to 19, Y%4", 5/16”, %” and V2" 
O.D. copper, aluminum or steel tubes spirally 
cabled together to permit bending without 
distortion. These tubes are completely pro- 
tected from injury during and after installa- 
tion by a flexible, interlocked, galvanized 
steel armor. One tube in each layer is a 
bright blue color, which makes identification 
of any tube an easy matter. This product is 
licensed under U. S. Patent 2,578,280. 


SEND FOR BULLETIN GIVING COMPLETE INFORMATION AND ENGINEERING DATA 


CRESCENT INSULATED WIRE & CABLE CO. 


Olden & Taylor Aves. 


Trenton 5, New Jersey 
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Long years of experience in the development 
and production of precision servo system components enables 
Kearfott to offer you the right component for every function in 
your servo system. Kearfott components are available in a wide 
range of miniature and sub-miniature sizes, light weights and 
high accuracies. Many components are suitable for high tem- 
perature applications. Engineering data sheets fully describe 
the many Kearfott Components in production 


Send for Bulletin describing 
components of interest to you 


ENGINEERS 
ne bua of Many ornate i Carfott 


and systems are open 
Write for details today 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Seles and Engineering Offices: 1378 Main Avenve, Clifton, N | 

| Midwest Office, 168 W. Rendolph Street, Chicago, i. South Central Office, 6115 Denton Drive, Dotlas, Texos 
i Wert Coost Office: 253 N. Vinedo Avenue, Pasadena, Collf 

L 
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radiator for temperatures in the range 
of 150 to 600 deg C, this radiation 
tandard offers a linear variation of 
temperature as its control dial 1 
tated. You can select any temperatu 
1 if inge within 3 de g ( 

nuilator hold the 

| deg and tak 
! Servo Corp 
richo Purnpike 
mM, 3 


Circle No. 34 on reply card 


PROCESS controller sensitive 
to minute quantities. 


Lhe chemical analyzer shown above 
nd to b ipphi ible to liquid ol 
prise It will periodic illy recalibrate 
itself to compensate fo vindo 
mudging It is offered a 
control o1 recording CTISO! Lh hake 
declares it is sensitive to many ga ol 
ipors in the air in quantiti is smal 
is a few parts pel billion. Manufac 
turers Engineering ( Equipment 


Corp., Hatboro, Pa 
Circle No. 35 on reply card 


INFRARED ANALYZER A nev 
Model 176 Dispersive Infrared Ana 
lyzer is designed to continuously mon 
tor and control liquid ind gaseou 
process streams and is said to be 
ticularly suited for pilot plant opera 
tion because rf it versatility 
idaptability in determining mater 
balance ind overall yield Thi 
strument uses a prism-slit « 
rangement, which enabk 

icnt to new problem i 

It pa kaged in thre¢ 

the detector in plifre ind ordacl 
ind is available in a variation that en 
ible two different compound in a 
proce tream to be monitored at the 
ime time. Beckman Div. of Beckman 
Instruments, Inc., Fullerton, Calif 


Circle No. 36 on reply card 





From MOOG...Integrated 


Electro-Hydraulic 


Servo Actuator 


Units 


P Industry today has many new requirements 
for special actuators for use in high-perform- 
ance electro-hydraulic servo systems. The 
Moog Valve Company, Inc., as a leading servo 
valve manufacturer, recognizes a need for these 
components to be supplied as integrated valve- 
actuator assemblies. Such complete 
actuator packages offer the ad- 
vantages of a comprehen- 
sive custom design in- 
cluding reduced over- 
all complexity and 
minimum size and 
weight. 
These package 
units available from 
Moog include an ac- 
tuating cylinder, an 
electro-hydraulic servo 
valve, and a feedback sens- 
ing device. In combination 
with a suitable electronic amplifier 
they provide control of actuator displace- 
ment as a function of input signal, Overall per- 
formance is characterized by high dynamic 
response, linearity, and excellent resolution. 
To meet special requirements, assemblies 
can be provided which include such auxiliary 
devices as shut-off or by-pass solenoid valves, 


force limiting relief valves, and piston locks. 


MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, N.Y. 
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5000 MICROSECOND 


DELAY 


LONG: DELAY - LOW ATTENUATION 
New EPSCO 4000 microsecond Preci 
sion Delay Lines Model DL 0510-400/ 
125 are specifically designed for use in 
precision analog computing, auto-corre 
lation, function generation and sonic 
and sub-sonic applications. These units 
have found application in the study of 
speech wave-forms, wow and flutter of 
tape mechanisms, 


transport sonar fre- 


turns, sonar ranging and servo analysis 

They feature extremely long delay 
(which may be further extended by cas- 
cading several units), low attenuation 
and excellent linearity 


phase over a 


wide range of frequencies. 


Design is based on M-derived tech- 
niques and employs very high-Q toroidal 
inductance ultra-stable 
capacitors. Taps are brought out on the 
front panel by heavy double-turret lugs 
for easy accessibility 


assemblies and 


SEND FOR BULLETIN ADL-6 


restersnee 


CONTROL ENGINEERING 


LINES 


EXCELLENT PHASE LINEARITY 


CHARACTERISTICS AND SPECIFICATIONS 
Overall Delay 5000u“s +1% 
Characteristic impedance 510 ohms* 
Number of Taps 125 
Delay between Taps 400us +1% 
Attenuation including 

insertion loss Better than 3db at 4kc 
Better than 6db at 7kc 
Low Frequency insertion Loss 1.7éb 
Cutoff Frequency 9.5kc 
Phase Linearity +0.2% up to*6kc 

1% up to B8kc 
Size 19” x 5%” x 9” for relay 

rack mounting 
Weight 35 ibs. 
"Also available with 470; 600 and 1,000 ohm 
impedance 
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24 VARIABLES displayed on 
card-sized screen. 


Here’s an impr rar 
ign. A 2-by-4-in 
1 display of up to 24 electrical 
by means of 24 built-in light 


beam galvanometers 


i\¢ 2 
I 


ground gla creen 
provide 
iriable 5 
I'requencies up 
to 42 cps are followed with full-scal 
leflection produced by only 80 micro 
Model 20 Visual Monitor op 
rates on 22 to 25 ic or de, at 1.5 
Century Electronics @& Instru 


Tulsa, Okla 


itp 
alps 
ments, In 


Circle No. 37 on reply card 


READS deviations from 
standard in per cent 

ts of 
the 
Volt 


unbalance 


The instrument above consi 
bridge with two precision resistor 
item under test and a standard 

age remaining from bridge 
is amplified and fed into a phase di 

The percentage deviation 
of impedance is then read directly in 


Ranges are 


ohms to 5 meg 


criminator 


both sign and magnitude 
resistances from 5 
ohms; capacitances from 50 mmfd t 

20 mfd; and inductances from 100 
microhenries to 80 henries. Frequen 

1,000 or 10,000 cps ar 
built in. Meter reading is in per cent 
of test item to standard, with range 
5, 10 and 20 per cent. It’s called the 
Model 1010. The 


Industrial Test 
Equipment Co., 55 E. 11th St., New 
York 3, N. ¥ 


sources of 
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REMOTE CONTROL 





ANALOG COMPUTER 








INSTRUMENT BREADBOARD 


SOLVE 


Electro-mechanical problems... 


IN THE LAB! with Servomechanisms’ 
efficient, economical 
Mechanical Development Apparatus 


Pictured above are typical Mechanical Development Apparatus (MDA) 
assemblies, complete with electrical components. MDA is an assortment 
of standardized, precision-built, mechanical components designed for the 
purpose of simulating instrument and control systems in the breadboard 
phase of development. The apparatus makes designing extremely fast and 
economical. An appropriate group of these versatile units can be quickly 


ae 
y 3 ; ~, 
59) - * 


Clutch 


assembled into a desired mechanism The components 
lend themselves to endless use and re-use due to 
the flexibility of design. Only a small 
assortment is needed to cover a multitude of 
problems. Prove out your design, quickly 

and economically with these 

versatile “tools”. 


Lead Screws 





\ 


Dials, Cams, Switch @ 


Limit Stop, Couplings 


See us at the IRE Show— 
March 19-22, Booth No. 742 





6 « 
ie FA. Gervomechouisms 
\ 


PROCESS CONTROL SIMULATOR 


“ry 


. ae 


Foundation Board 


For complete information 
write for catalog to 


COMPONENTS DIVISION 
625 Main Street 
Westbury, L. L, N.Y. 


Inc 
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BUILDING 
“BRAINS” 
IS OUR 
BUSINESS 


For more than 40 years North has pioneered 
in engineering and manufacturing “brains” 
for switching, supervising and recording, in 
communications and in systems or com- 
ponents for: 


@ Computation 


® Remote supervision and control of un- 
manned equipment. 


Data input and output sequencing. 
Memory and reporting functions. 
Missile guidance. 

Other airborne automatic controls. 


Many other “avtomations.” 
When you must meet critical industrial or 
military specs which go beyond the usual 
meaning of “dependability” call on North to 
collaborate in or take over your problems. 


Our field engineers are strategically located 
in the important industrial areas. 


NORTH ELECTRIC COMPANY 


INDUSTRIAL DIVISION 527 S. Market St., Galion, Ohio 
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NEW PRODUCTS 


OSCILLOGRAPH cameras carry 


several new features. 


Ly pic il of three new o ilograph 
record cameras is the one shown above 
Intended for 5-in. o illograph thi 
three models feature a choice of thr 
different lenses each, and two camera 
bach \ Poloroid-Land back is avail 
ible for 60-se processing, and a Gra 
flex-type for applications requiring 
variety f film holder All thre 
cameras offer simultaneous binocular 
viewing and variable back position 
Lenses as fast as f 1.5 are availabk 
Technical Products Div. of Allen B 
DuMont  Laboratoric Tin 760 
Bloomfield Ave., Clifton, N. | 


Circle No. 39 on reply card 


TORQUE SOURCE calibrated 
for rotary lab tests. 


Measurements of the torqi lara 
teristics of springs, small gear train 
servos, Clutches, and other small rotary 
devices can be easily run on the ma 
chine shown above. A chuck driven by 
a special three phas« motor ipplies 
the torque, which is read directly on a 
large meter. Shaft speed is indicated 
on an additional meter with output 
jacks provided for external recording 
Below the chuck is a slotted test-fix 
ture mounting table. Model 40 has a 
range of 0.05 to 40 oz-in. and speed 
up to 100 rpm. It’s powered by thre 
m et 220 v current. Price is just un 
der $500. Bulova Research @& De 
velopment Laboratories, Inc., Equip 
ment Div., 62-10 Woodside 77, N. } 

Circle No. 40 on reply card 
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SCALE METER 
with il 


oltmete! 

10, or 15 v fi 
to within 
ind patent 


rermeticalh 


XPANDED 
porta )] 
mil 
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ed tub 
caled 
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ent. Both meter 
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rf ircut 
Shasta Div. of Beckman Instrument 
Q). Be Station A, Rich 


Inc., P 
mond, Calif 
Circle No. 42 on reply card 
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HAYDON 


» to 6 
TORRINGTON 


uses a 


AT 


HEADQUARTERS FOR 


itmo phe I 


Milwaukee | 


wate! 
Johnson 
W is 


TIME DELAY RELAYS 
5900 Series: For time delay or 
interval timing in ranges from 


0 to 10 minutes 


‘o 


nh 
INTERVAL TIMERS 
8006 Series: Times intervals from 
60 seconds to two weeks with 
exactness 3 
| 


ELAPSED 
TIME INDICATORS 

5700 Series: Registers passage of 
time in minutes and tenths of 
minutes and hours with mathe 


matical regularity 


TIMING MOTORS 
Compact HAYDON Timing Motors 


that can be operated continuously 
in any position drive all HAYDON 


Timing Devices. HAYDON spe 
cializes in timing; engineers ond 
components; 


builds only timing 
has the “know how” to put time 


to work for you. 


TAKE TIME NOW to write for the 
name of your HAYDON Timing Specialist, 


and for HAYDON Catalog 


A SUBSIDIARY OF GENERAL TIME CORP 


HAYDON Manufacturing Company, Inc. 
2326 ELM STREET, TORRINGTON, CONN 
[} Send me “Electric Timing Devices” catalog 

CL) Send me name of HAYDON Timing Specialist. 
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MAGNETIC 
LER: A new current controll 
of 


ribed rT ) 
his h line al 
fast 
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distorti 
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NAME ____ 
TITLE. 

COMPANY 
CO. ADDRESS __. 


—————— $s STATE 


city 
rPeBRUARY 


Here’s what 
you've been 
looking for... 


NEW PRODUCTS 


FLOW CONTROLS 


METERS DOWNHILL fluids 
in exact amounts. 


(Gases O1 liquid are pumped against 
i negative pressure by this compact 
pump A unigue principle allow 
manual or automatic adjustment of 


p troke 
length or operation speed. Elimina 
tion of stuffing boxes and running 
eals backs up the claim of leakproof! 
construction. Various models handl 


* 


from 3 to 375 millileters per cycle 


A GEAR HEAD SERVO MOTOR WITH I'he maker says the units are immune 
to pressure variations in the system 


LOW INERTIA...LOW BACKLASH and require only that suction pressure 
AND A BIG PLUS IN FLEXIBILITY! ee deena oe suas 


the Delta P. Milton Roy Co., Station 
Norden-Ketay engineers design quality precision L, 1300 E. Mermaid Lane, Phila 
components that meet all your requirements. By delphia 18, Pa 
combining low inertia and low backlash with new ivel 
flexibility in servo motor design, Norden-Ketay Circle No. 45 on reply card 
makes possible... 
MAXIMUM GEAR RATIO VARIATIONS —from 5:1 to 10,000: 1 by 7S , ; 
simply changing gear clusters. \ I'¢ )M ATIC SWITCHING 
MAXIMUM BACKLASH CONTROL—backlash restricted to less VALVE: A new three-way exhausting 
than 0° 30’. valve will switch automatically on a 
MAXIMUM OUTPUT TORQUE—from 50 inch ounces to dual supply system pressure chang 
150 inch ounces. A ‘ | eliminating the need for a separate 
EASE op mannenenes simple’ design offers quick easy ontrol air line from a central station 
assembly an — — a sas It’s called the V-132. Johnson Ser 
(MILE-S272A). pas ay peas ice Co., Milwaukee 1, Wis 
AVAILABLE IN VARIOUS $1ZES —11, 15, 18. Other sizes available Circle No. 46 on reply card 
on special order. 


For complete details write for data file #082. 


the positive-displacement pum 


FAST DELIVERY VALVE: A new 
three-way solenoid-operated _ valve, 


NORDEN-KETAY (CORPORATION Model 31, — to attract aircraft 


and missile makers, can be delivered 

PRECISION COMPONENTS DIVISION: within 24 hrs, says the maker. It op 

555 Broadway, New York 12, N. Y. erates within the 0 to 5,000 psi range 

WESTERN DIVISION: ind at up to 275 deg. F. Mar Vista 

13210 Crenshaw Blvd., Gardena, California Engineering Co., 5420 W. 104th St., 
Los Angeles 45, Calif 


evacHRos # ESOL VERS RESOLVER AMPLIFIERS stevomorons CAREO SERVOMOTORS IMOUCTION MOTORS acwomeree 


ennteatons BAGRETIC IHOICATORS SERVO AMPLIFIERS REMOTE IMDICATING DEVICES TACHOMETER (ROICATORS Circle No. 47 on reply card 
IMDUCTION POTERTIONETERS EL ECTROMECHARICAL DEVICES 
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NEW PRODUCTS 


PILOT OPERATED valve offers 
low current drain. 
Chis 


noid valve for 


four-way pilot-operated sol 
systems with 3,000 psi 
pressure with 
from 4 to 4 in 
of the 
override center 
ing, two-position spring offset, thre 
detent, thermal relief, and 
pecial spool and sleeve combination 
\ ball poppet is used in the pilot valve 
Solenoid coil range trom 
10 to 30 vd Aircraft Products Co., 
00 Church Road, Bridgeport Pa 


come ports ranging 
Variations 


include 


in diam 


basic valve manual 


three-position spring 


position 


section. 


Circle No. 48 on reply card 


bURNACE CONTROI \ new con 
troller, intended to take the place of 
on-off temperature control systems for 
high-frequency or induction furnace 

includes automatic reset plus propor 
tional action to convert temperature 
probe-pickup signals to a level where 
power reactors can be operated. In 
dustrial Div. of Minneapolis-Honey 
well Regulator Co., Wayne & Wind 
Aves., Philadelphia, Pa 


Circle No. 49 on reply card 


rim 


RELAYS, SWITCHES, 
& TIMERS 


BIMETAL FOR THERMOSTATS 
Said to be the most economical ther 
mostat metal in its range, ASC-3 can 
be had in spirals, helical coils, flat 
blades, cantilever strips, or other 
shapes, in thicknesses down to 0.001 
in. and widths down to 0.093 in. It 
produces linear deflections in the range 
of minus 100 deg and plus 800 deg F. 
Maximum sensitivity is in the range 
of 200 to 600 deg F. American Silver 
Co., 36-07 Prince St., Flushing 54, 
N. Y 

Circle No. §O on reply card 


MEW! BENDIX-FRIEZ 
DESIGNER’S THERMISTOR KIT 


COMPLETE 
WITH 
DATA 

SHEETS 


12 Individually Packaged Rod-Type Elements, 
25 to 1,000,000 ohms range 


Here’s a real time-saver for the busy designer from Bendix-Friez.* 
This new Rod-Type Thermistor Kit contains twelve standard 
elements for applications in sensing, controlling and indicating 
devices. Handy compartment case keeps thermistors separate and 
ready for quick use. Indexed boxes save time, 
assist in specifying and ordering. 


These twelve thermistor elements range in resistance from 
25 ohms to 1,000,000 ohms. Kit comes complete with 
specifications, covering dimensions, voltage-current character- 
istics and temperature resistance relationships. An up-to-date list 
of references are cataloged for your convenience according to 
thermistor applications. Mass quantities available for any 
or all of these 12 different thermistors. 


*Reg. VU. 5. Pat. Of 


Bendix-friez 
1472 Taylor Avenue 
Baltimore 4, Maryland 


Order your kit now. Or write for 
complete information. 


Gendt”. Pries 


FPRIEZ INSTRUMENT DIVISION 
BENDIX AVIATION CORPORATION 
BALTIMORE 4, MD. 


Gentlemen: 

Enclosed is my check for $ ledd .50 per 
kit for packing and shipping charges). Please send 

No. 100 Designer's Thermistor Kits. C.0.D.'s eccepted 


Nome 





Street 
Export Sales ond Service 
Bendix international Division 


205 E. 42nd St, N.Y. 17, N.Y, U.S.A City State 


ee 
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Servo Motor 
MORE, POWER TO YOU! 
MORE POWER OUTPUT 
FASTER RESPONSE 


200 Watt A.C, Low Inertia Servo Motor 


Short life, overheating and unsatisfactory response—these are your only 
rewards when you use an underrated Servo Motor on a job demanding a 
bigger rating. If faster response and more output are what you need 
to solve existing problems in your Servo Motor applications— it’s time to 
investigate DIEHL Servo Motors. 


The DIEHL % HP (200 watt output) Servo Motor has proved especially 
successful in overcoming problems in a wide range of applications. Capable 
of continuously delivering rated maximum output without exceeding 
rated temperature rise when excited at rated voltage and frequency from 
a suitable polyphase power source, these open-type 60 and 400 cycle low 
inertia Servo Motors feature an integrally-mounted auxiliary motor-blower. 
A look at the other specifications—-and at your Servo Motor requirements 

may reveal many practical uses for these higher powered DIEHL Servo 
Motors in your operations. Write today for complete information on 


Servo Motors rated up to 1 HP (750 watt output). 
CE 256 


SPECIFICATIONS 
cen 3 se DIEHL Number ; | 2P105-2212-1]zP 105-2217-1 


Output (watts) 200 200 
RADIO Frequency (cycles) 60 400 
ENGINEERING Poles ' 2 6 
Reference Phase (volts) 115 115 
SHOW Control Phase (volts) 115 115 
Kingsbridge Reference Phase (watts) 380 410 
Pal N. Y Control Phase (watts) 380 410 
alace, N. Tt. Control Phase Impedance (Ohms) 30 19 
MARCH 19-22, — Locked Torque (Ox. In.) 190 105 
1956 Moment of Inertia (Oz. In.’) 6.60 6.60 

Theoretical Acceleration (Rad/sec.?) 11100 6140 

Weight 14 Ibs. 8 oz. 14 Ibs. 8 oz. 








other available components 
A.C. SERVOMOTORS © A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
* A.C. SERVOMOTORS WITH D.C. TACHOMETERS + 
A.C. AND D.C. TACHOMETERS © D.C. SERVO SETS * RESOLVERS 


DIEHL MANUFACTURING COMPANY 


Elect Divis f THE NGER- MANUFACTURIN 


Finderne Plant SOMERVILLE NJ 
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NEW PRODUCTS 





COOL COIL relay uses ac, 
telephone-type structure. 


Said to offer the advantage 
telephone-type — performance moa 
powe! the device seen her xhibit 
1 temperature rise of only 15 deg 
in open air, using 3 amp 
Contact combination ip | 
carry 5 amps, dpdt 10 amps. Vil 
tion resistance is 10 g at from 5 to 5 
cps. Life is a million cycles; hermeti 
scaling and dust covers are optional 
Comar Electric Co., 3349 Addison 
St., Chicago 15, Ill 


Circle No. 54 on reply card 


PLATING CONTROI A numb« 
of synchronous timers housed in 
single cabinet with interlocking ci 
cuits and controls will start, stop, and 
time any number of separate opera 
tions in any sequence. ‘These timers, 
plus a motor-driven autotransformer 
control the output in pre-set time 
intervals for any series of plating 
step: Rapid Electric Co., 2881 Mid 
dletown Rd., New York 61. N. ¥ 


Circle No. §2 on reply card 


SEALED RELAY \ ubmuiniature 
relay, the S-309 M, is only | in 
high and Id in. in diam it 
handles up to 2 amps at 26.5 vde, 115 
vac. It can be equipped with printed 
circuit lugs if desired. U. S. Relay 
1744 Albion St., Los Angeles, Calif 


Circle No. §3 on reply card 


PLATING CONTROL: Said to b 
cheaper than previous models is a 
small plating cycle control that exhi 
bits signal lights to indicate whether 
the hand-set plating cycle is ‘‘on” or 
“off”. It handles up to 600 amps at 
up to 15 v. Hoffman Control Co 
6804 Park Ave., Cleveland, Ohio 
Circle No. §4 on reply card 





Eee 


Thomas A. Edison Inc.’s 


PERSONAL 
DEMONSTRATION 


Shows how you can 


INCREASE 
PLANT 
PRODUCTION 


Takes Only a Few Minutes to Prove Simple 
Omniguard System Protects Bearings and Processes; 
Cuts Down Time; Increases Equipment Life 


Just take a few minutes to prove to yourself how 
Omniguard can make it possible for you to operate 
your equipment at peak production rates without fear 
of breakdowns. . . how this simple temperature detec 
tion system gives you ample opportunity to prevent 
bearing failures or to keep process temperatures 
within limits. 
RECORDS REVEAL FAILURES COSTLY 

Many operators—after a record check—are aston- 
ished to find how much bearing breakdowns have been 
costing them in maintenance and lost production 
They see that the cost is often many times the expense 
of installing Omniguard. 

COMPLETE 4-POINT SYSTEM FOR LESS THAN $500 
Consider the thousands of dollars involved in equip 
ment and production output. Contrast this with the 
fact that one Omniguard unit costs less than $500 
And because of its simplicity, installation costs are 
also low. 

SIMPLE, DEPENDABLE 
Omniguard has no electronic or moving parts. It is the 
most dependable system available today. Modular in 
design, each unit gives you four-point detection. You 


can add as many as you need as you need them 


fh ai PEs 


| a 
C Thomas C! ' CIVO0TL. 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. Edisom 


INCORPORATED 


INSTRUMENT DIVISION * 59 LAKESIDE AVENUE * WEST ORANGE MEW JERSEY 


Our representatives throughout the 
nation are ready to demonstrate a 
complete Omniguard system right 

at your plant or office 


The modular indicator a 
mounting bracket 

perature detector are 
ontinuouw perating a 


ess Of bearing temperature 





Resistance Temperature Detectors 


These are im four oft 
! temperature det« 
ipplications of the O 


pre-loaded 
ially de 
# protection 








American Blower ¢ 
City of Chicago 
Combustion 


Engineering, In 
DeLaval Steam 
Turbine C. 
Fastman Kodak Ce 
Esso Standard Oil Ce 
Florida Power & 
Light C« 
General Electric ¢ 
Hercules Chemical Co., In W tho orm 


To get your free demonstration, just fill out the coupon below 


Please have rey 


OY ct RR ae oe 


Please send detailed 
Name 

Firm 

Addrecs 


Position 
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DC-AC 
CHOPPERS 


For 60 Cycle Use 

Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 
Long life. 

Low noise level. 


1 Extreme reliability. 


- Write for 
Catalog 370. 


STEVENS 


NCORPORATEDO 


2727 ELKIN STREET 


delivers UP TO 12 G.P.M. 


UP TO 2100 R.P.M. 


This hydraulic pump is Rever- 
408 SIBLE WITHOUT ALTERATION. 


The %" dia. shaft (with 4%" key) 
is housed in Anti-Friction bear- 
ings. The hardened steel precision gears (GHROTOR 
TYPE) are enclosed within an alloyed Die Cast Alumi- 
num body. Mounting is directly on studs which can be 
reversed for mounting off back of pump. %”" N.P.T. 


oil ports. 
Write for FREE Catalog 


CHAR-LYNN CO. 


2843 26th Ave. So., Dept. CE2, Minneapolis 6, Minn. 
“‘Member—National Fluid Power Association” 
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NEW PRODUCTS 


HIGH CURRENT SEALED RI 
LAY: A new hermetically sealed relay 
can be actuated in 4 millisec by 
watts de. It can stop a full load of 25 
amps more than 250,000 times or a 
load of 5 amps | million times at 12 
vac. Minimum coil sensitivity is 4 
watt dc. Maximum coil resistance 
6,500 ohms de and 9,800 ohms a 
Contacts up to 3pdt are availabk 
Kurman Electric Co., Inc., 35-18 37th 
St., Long Island City, N. 


Circle No. §§ on reply card 


ROTARY 
ACTUATORS 


STEP MOTOR displays high 
torque without overshoot. 


rhe stepping motor shown her 
operates at up to 150 rpm from s¢ 
quenced control signals. Four field 
coils rotate the permanent-magnet 
rotor in either direction, depending 
on the sequence of field coil energiza 
tions. Static torques of 20 oz-in. ar 
ichieved with 115 vde control signals 
Che number of receivers hung on the 
signal lines has no bearing on the 
torque required of the commutator 
type transmitter. It’s 3 in. in diam 
ind weighs 24 lb. Gap Instrument 
Co., 253 W. Merrick Rd., Valley 
Stream, L. I., N. Y 


Circle No. 56 on reply card 


SMALL GEARS: A line of minia 
ture precision gearing, said to be 
ready for delivery 30 days or less after 
they're ordered, are available with 80, 
96, or 120 diametrical pitch. Total 
composite tolerance is within 0.0005 
in. Washington Machine @& Tool 
Works, Inc., 1001 Washington Ave 
S., Minneapolis 15, Minn 


Circle No. §7 on reply card 











HIGH ACCURACY synchro 
only %4 in. in diam. 


A new group of 
ters, repeatet 
formers, 
TACICS 


ynchro transmit 
, resolvers, control trans 
and differentials with accu 
guaranteed to be under 7 min 
are available for 11.8 or 26 v excitation 
or as 115 vac primary, 90 vac sex 
ary transmitters. Size is 0.75 by 
in. Clifton Precision 
Inc., Marple at 
Heights Pa 


ond 
1.24 
Products Co 
Broadway, Clifton 
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4 
SUBMINIATURE CLUTCHES 
mount like synchros. 


Lhe three item hown il 
have voltages ranging fr 
They constitute a new line of sub 
miniature clutches that also can be 
used as brake lorques range from 
2 to 35 oz-in., sizes from 0.5 to 1.3] 

['hompson Co 


diam. A. | 
Florissant, Mo 


m 6 to | 


in in 


Route | Box 812 


Circle No. §9 on reply card 
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TELEMETERING SYSTEM 


a 


multiple fun os 


supervises 


with only 


NEVER BEFORE 


fied method of 


mui h a simpli 


telemetering! 

This new telemetering system 
supervises the control of 10, 
16, 20 or 32 plant 

operations instantaneously! 


Over a single pair of wires. 


multiple control of great 
numbers of functions is possible 
The unit is rugged, compact, 
Combinations of these units 
can increase control of 
100, 250 or even more 
functions, if needed. 


economical to ultra 
reliable affords 


complete plant control with 


the push of a button or switch - 


be Push button or switch control 
operates valves, pumps, 
motors, switches, fans, 


Write for detailed specifications | 
| signals, etc. 
—_ 
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TALLER & COOPER, INC. 


ENGINEERS * MANUFACTURERS 
75 Front Street 7 





ontrol Equipment & Systems 
/ind Tunnel Instrumentation 
© Toll Collection Systems 

® Digital Computers 
Special Purpose Printers & 

, Instrumentation 

Brooklyn 1,N. YY. ! © Chemical Analyzers & 
Control Equipment 





Model 101A 


Standard and Preset 


DECADE 
COUNTING UNITS 


AGE )W CURRENT 
GREATER RELIABILITY 


PRINTED RCUITRY 
TER HEAT [ PATION 


Ww 


CMC Decade 


Counting | its are 
designed for high 
speed counting of 
electrical impulses 
up to 1,000,000 per 
second and separated 
by a8 little as 0.8 
microsecond, Direct 
reading from 0to9 
on an illuminated 
panel, Reset to 
Oor 9 available 
Interchangeable 
with most existing 
counting equipment, 
Applications: 
Frequency Counting 
and Division 

Random Pulne 
Counting ~ Special 


Purpose Counting 


W rite for complete 
catalog and prices. 


Representatives in all major areas 





} COMPUTER-MEASUREMENTS CORPORATION 





——— 
a 5457 Cleon Ave., North Hollywood, Calif., Dept. 64-6 


Complete 


with a ry, | 


Flexibility 





series ‘‘U’’ 
UNIVERSAL MOUNTING 
AIR CYLINDER 








Here is a new series of extremely 
compact air cylinders which require 
very small mounting area. You get four 
mounting types—foot, front flange, 
rear flange, and clevis provided 
integrally by drilled holes in the heads. 
The installation is much more rigid 
and assembling or stocking of miscel- 


laneous attaching brackets is eliminated. 


Stainless steel piston rods and hard 
drawn brass barrels assure corrosion 
resistance with low frictional 


characteristics. 





COMPACT 

RUGGED 

EFFICIENT 
too... 


Write for further 
information today! 


38623 PACIFIC AVENUE ) 
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NEW HYSTERESIS motors 
are reversible. 


Ihe hysteresis synchronou 
shown 


motor 
measures 352 in. in 
diam by 24% in. long, excluding shaft 
It is typical of three models with 600 
1,200 and 1,800 rpm speeds. Torque 
is 5 to 6 oz-in. The 600 rpm model 
supplied with a precision 
capstan shaft and 
flywheel-rotor for directly driving 
magnetic tape at 74 in per sec. Tech 
nical Development Corp., 4060 Ince 
Blvd., Culver City, Calif 


Circle No. G@@ on reply card 


above 


Cdll be 


ground weighted 


ANTI-BACKLASH differential 
has many gear ratios. 


Offered ranging 
from 1:1 to 27:1 is a new line of 
miniature differentials that does away 
with backlash by spring 
out. External bearing surfaces are 
brass. Metron Instrument Co., 432 
Lincoln St., Denver 3, Colo 


Circle No. G61 on reply card 


with gear ratios 


loading it 


SERVO MOTOR: A new miniature 
servo motor, only 1% in. in diam, is 
specially designed for high tempera 
ture service. Maximum power output 
is 0.6 watts, voltage 115, and stall tor 
que, 0 4 oz-in. Servomechanisms, Inc 


625 Main St., Westbury, L. I., N. Y 
Circle No. @2 on reply card 





POWER 
SOURCES 


; j 


TUBULAR SELENIUM rectifiers 
offered for high voltages. 


| pecially developed for high-volt 
ige low current application, th 
clenium slims” shown here are avai 
ible in sizes ranging from 4 to 4 in 
in diam. ‘They can be assembled with 
from 1 to 260 cells in a fuse-clip 
mounted phenolic assemb! Pigtail 
leads are also stocked Lhe new cell 

rated from | to 20 ma, and ha 
1 reverse rating of 26 per ell. Also 
ist announced is a new line of high 
urrent rectiher hese carry up to 
10 amps. Union Switch & Signal Div 
of Westinghouse Air Brake Co., Pitt 
burgh 18, Pa 

Circle No. 63 on reply card 








DUAL REGULATED supply 
combats source distortion. 


Ihe new EE100 voltage regulator is 
designed to combat low frequency 
noise and disturbing harmonics in 1} 1 
vac power sources. It furnishes 1.4 
kva of power, electronically voltag 
egulated to within 1 per cent and 
with line distortion reduced to k 


fully-opened... 
fully-closed 


with the 


Hoke toggle valves open and close with a single, 
positive motion like flipping a light switch. Use them 
on your precision test equipment for gas or liquid 
control at pressures up to 1000 psi. Seat and stem 


seals are tight enough for most high vacuum work 


In instrument panel service you can tell instantly 
that the valve is open (or closed) and the colored 


nylon handles identify fluids at a glance 


Available in angle and globe patterns in brass or 
stainless, 4%” through 4%” pipe (or with tube fittings). 


May we send you catalog and data sheets? 


HOKE 
INCORPORATED 


Fluid Control Specialists 
241 S. DEAN STREET, ENGLEWOOD, NEW JERSEY 
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Daven’s new winding technique 
cuts giants down to size 


or MAXIMUM RESISTANCE IN MINIMUM SPACE 


These fully encapsulated, miniature, precision wire wound 
resistors utilize a new winding technique that permits the use 
of extremely fine resistance wire to obtain two or three times 
the resistance value previously supplied on a miniature bobbin 


Wattage 
Type Die length Max. Res Rating 


1/4 5/16 400K 
1/4 5/16 400K 
100K 

5 Meg 

1.0 Meg 


“DAVEN~ 


540 West Mt. Pleasant Ave. 
Route 10, Livingston, WN. J. 


Write for Complete Data 
and Catalog 


WORLD’s LARGEST MANUFACTURER OF ATTENUATORS 


PREc¢cist!oON 
ELECTROMECHANICAL ASSEMBLIES 


FOR MILITARY AND 
Bowmar Instrument specializes in the design INDUSTRIAL CONTROL 
and production of custom electromechanical DEVICES AND SYSTEMS 
equipment for modern control systems. Ex- 
perience ranges from the creation of single units to quantities of 10,000 
or more. When you need unsurpassed precision, performance and reli- 
ability in such devices, send your requirements to Bowmar. 


SEND NOW FOR ‘PRECISION ELECTROMECHANICAL COMPONENTS’ 


Cataieg No. 2100 
Mfrs. of Precision Speed Reducers, Gear Heads, Custom Electromechanical 
A blies, Mechanical Counters, and Servomechanisms 





! 
Cc 
2415 PENNSYLVANIA 
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than | per cent Recor 
less than 1/50 cvck smut 
it offers an additional 
power ¢ lectromechanically reg 
vithin 1 per cent. The tim 

of this portion of the power sup 
0.6 sec. Neither portion of the 
upply introduce pha hift 
tortion. Component ¢ Instrum 
Div. of Curtiss-Wright Cor 
tronics Div., 631 Central A 

tadt, N. | 


Circle No. 64 on reply card 


’ 


MANY VOLTS, few dollars, 


are new supply’s claims. 


Priced between $60 and $90 (dé 
pending on meter and rulation ) 
the little supply shown above deliver 
from 2 to 7.5 kv at 1 ma average 
Regulation can be better than | per 
cent. It’s called the Model 75BR and 
says the maker, is a very reliable item 
Neutronic Associates, 87-16 116th St 
Richmond Hill 18, N. Y 


Circle No. 65 on reply card 


STRAIN GAGE SUPPLY 

power supply for aircraft 

systems has an output of 

with a 105 to 125 v 400 | input 
Perkin Engineering Corp $5 Kan 
sas St., El Segundo, Calif 


Circle No. 66 on reply card 


28.5 POWER SUPPLY: ‘The make: 
of a miniature power supply called 
the Model 3150 says it can be wired 
into a circuit as easily as installing a 
transformer. It converts 115 vac 60 
cps power to 28.5 v at one amp, with 
i maximum ripple of | per cent. Load 
from 10 per cent to maximum lower 
the output by 13 per cent. It occupi 
a little less than 5 by 6 in. of chassi 
space. Opad Electric Co., 69 Murray 
St.. New York 7, N. ¥ 


Circle No. 67 on reply card 





WHAT’S NEW ABSTRACTS 


Reactor Instrumentation 


Problems of Production Re 
ictor Instrumentation” by Thomas 
R. Vick Roy, E. I. du Pont de 
Nemo & Co., Inc, Preprint 22 
of the Nuclear Engineering and Sci 
nce Conere Dex ]2 16, 1955 
published by the American Institute 
of Chem 


From 


il [engineer 


yf the modern p odu 
eactor are yperated 
r 10 men per shift Phi 
must keep track of about 
iriabl to start yperate in 
hut down the devic One _ tacto 
ymph iting reactor instrumentation 


UU 


tems is the necessity for locating 
man det to in imaccessibl 

lose to highly radioactive 
Hlowever, the basic system is conven 
tional enough. Aside from the use of 
pecially reliable 


matcrial 


pickups two used 
in parallel when maintenance is difh 
ult and 
find the 
canning systems, off-limit warn 
ontroller 


accuracy important), one 


familiar graphic panel 
point 
ing device ind automat 
However, the emphasis on fail-safe and 
fault-detection safeguards and on the 
most comprehensible display is likely 
to exceed that found for any other 
type of process control system, and 

ults in a number of unique a1 
rangements 

Ihe author of this paper covers in 
detail mechanisms for monitoring | 
flow and temperature in reactor cool 


ing channels; 2) the relative motion 


of reactor structura 
thermal effects; and 
liquid level in a tank 
What is said to be a novel way of 
ontrolling liquid level is shown in th 


ire at the botton 
| 


drawing. The pr 
f the tank is compare 
ise of a standard diff 
transmitter, with a 
tablished by a man 
put of the differential ti 


fighter situation 
display by AVION 


por a 


Fighter Situation Display 
operat ) (FSD) is an automatic, 
continuous indication on 
a map of the aircraft 
position during flight. 


Developed by Avion for 
the Air Foree. FSD 
eliminates manual com- 
putation and facilitates 
pin point navigation. 
Avion's flexibility and 


ingenuity, coupled with 
extensive experience in 


iuthor 
control to within 0.050 in 
By measuring both the flow and 
emperature of ¢ 
oring system pro ides a double hie 
m the rate ion hot spots in tl 
icto! But { oolng wat 
ghiy radioacti measurement 
( must be onstructed not 


aT 
lj bilit 
0 


| 
woling water, a mon 


naximum rabilit id re 
detecto 


c¢ in the event of 1 1 i rca} 








down, lest 
inhabited ar 
A flow measu 
ribed by the 

} 


hee-plate diftes 


lows moves a 


nent t 


iuthor 


its inductance ‘ isin 

with an adjustable weight a 
nection between th lug and 
bellows, this same transmitte: 
easily converted to operate in a | 
of pressure ranges, and can be 
brated without being removed 
Another 


uniformity of 


the ystem idvantage 


1 | 
this design 1 the 





hie 


























Electronics, Mechanics 
and Optics can better 
serve you. 
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Investigate the career op- 


portunities in our expand- 
ing organization, 
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eee] mi llealii-t> 
space 
re Telelifet-lilels| a 


national 
subminiature 
selenium diodes 


These subminiaturized and ruggedized selenium diodes are 


produced to withstand the most rigid environmental require- 


ments. Encapsulated within a thermosetting plastic for com: 


plete protestion, they offer stable operation in a femperatyi 
range from ~50°C to +100°C, with output voltages fe 
20 to 160 volts and output currents from 100 mi rO4 

c poner * 


O 


PERATURE 
RECORDING... 


Newly designed, Model’’1000” 
Auto-Lite Recorder gives per- 
manent proof of temperature 
behavior. @ 6” clear reading 
chart; various standard ranges 
from minus 40°F .to plus 550°F 
@ 3 standard types; choice of 
24-hr. or 7-day cycle. @ Elec- 
tric or mechanical chart drive. 
@ With capillary tubing for 
remote reading. Priced from 
$49.50. 

Send for new catalog descriv- 
ing many styles of Auto-Lite 
temperature Recorders and In- 
dicators. 


lee 


R A T ' re) N 


THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 


T 1, 
NEW YORK « CHICAGO « 


OHIO 
SARNIA, ONTARIO 


TEMPERATURE RECORDERS* 
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il output of all fi 
implifying the const 


indicators and controller 


Monitoring 


\ novel means for vi 


flow-censor informati 


ot tepping switch equcl 
trip-chart recording. Rat 
numerical typewriter logging 
thor feels that operator 
trends is best facilitated b 
displa Chart paper in th 
loop, 6 ft ot 


isible at one time, di play 


1 ontinwou 
ignificant variables in conju 


vith a inning arrangement 
loop is divided into segment 
each of which 1s associated 
given detector. Conventional | 
corder movements are switched by th 
canning stepping switch from point 
to point while the paper moves at an 
appropriate speed. Hence, th ingl 
sheet contains a large number of inde 
pendent graphs of process variabl \ 
bank of lights at the top of the « 
order indicates the point being scan 
ned at any given moment. In add: 
tion, three levels of off-limit warning 
indicators can be actuated, the last 
iutomatically shutting down the plant 
Ihermocouples provid 
ture sensing information in a system 
roughly identical to the flow 


system just described 


fempcta 


Crisilig 
Inasmuch a 
the temperature system double-checl 
the flow system 


‘ 


issociated tempera 
ture and flow graphs can be made in 
the same chart channel Since the 
level at which the reactor is operating 
determines the setpoint for all the 
temperature measurements, 
control enables all of th 

altered simultaneously 


Motion Measurement 


Heat developed by tl ote 


causes it and all its members to ex 
pand. In many cases it 1s impossible 
to predict these expansions and the 
issociated stresses and clearances with 
accuracy. But by measuring 
them directly, 
the reactor’ 


suitable 
it is possible to learn 
maximum level without 
the danger of excessive stress Ihe 
three motion and stress detector ym 
monly used are: 1) optical cross-hair 
ilignment instruments; 2) differential 
transformers, often with extension 
linkages to separate the windings of 
the transformers from areas of de 
structive intensity radiati ; 
train gages 





Navigating by Inertia 


From “Theory and Instrumentati 

of Inertial Navigation System b 
]. Statsinger and B. Litman. Paper 
delivered to the New York Chapte 
of the Professional Group on Aero 
nautical and Navigational Electron 
ics (PGANE), Institute of Radi 
Engineers, November 1955 


Ihe navigation problem can be d 
fined as that of determining the po 
ition coordinates and the velocit 
vector of a moving vehicle with r 
pect to some well-defined frame of 
reference. Common frames of reter 
ence are earth coordinates (latitude 
and longitude) and various kinds of 
erid coordinates used over limited 
ireas 

Most automatic navigation system 
uch as could be used for guidance of 
in intercontinental missile, depend on 
radio or radar, or on star-tracking d¢ 
vices. Radio and radar can be “jam 
med’’, i.c., false signals can be trans 
mitted by an enemy to misguide the 
missile. Star-trackers, while they are 
sufficiently accurate at high altitudes 
depend on the optical image of a star 
and have serious limitations at low 
altitudes where large cloud covers may 
exclude the star image for long time: 
and atmospheric diffraction can causé 
erious errors 

Only the inertial navigation system 
has none of these disadvantag« It i 
inherently self-contained and inde 
pendent of external data sourcc An 
inertial svstem uses as its basic data 
the measured acceleration of the vehi 
cle being navigated. Assuming that 
ufficiently accurate icceleromete! 
can be appropriately mounted in the 
vehicle, and that the velocity vector 
and the position coordinates of the 
vehicle are known at one instant of 
time (say at the time of starting out 
then a continuous reading of the sub 
equent velocity and position data can 
be obtained easily by uccessive im 
tegration 

One possible way of measuring the 
total acceleration vector of a vehicle 
is to measure the three component: 
of acceleration in a three-axis ortho 
ronal coordinate system, using thre« 
rthogonally-mounted accelerometers 
If these acceleration components and 
their velocity and position integrals 
to have meaning for navigation, the co 
ordinate system defined by the mount 
ing relationship of the accelerometer 
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INGENIOUS 
PACKAGING 








Further applications of 

electromechanical techniques in these fields 
are creating new openings in the 

Systems Division of Hughes Research 

and Development Laboratories. 


Engineers who have demonstrated ingenuity and inventive 
ability will find interest in areas of work that call for 
devising reliable, maintainable, manufacturable designs 

for precision equipment developed at Hughes Research and 
Development Laboratories. 


The design of this equipment, manufactured at Hughes, 
involves mechanical, electromechanical, electronic, micro- 
wave and computing problems. Design also requires the 

use of such advanced techniques as subminiaturization, 
unitized “plug-in” construction, with emphasis on design 
for volume production, Knowledge of electronic components, 
materials, finishes and military specifications is useful. 


SCIENTIFIC STAFF RELATIONS 


144 
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must be known at all times. The ca 

iest way to do this is to mount the 
accelerometers on a_ gyro-stabilized 
“inertial platform”, which is gimbal 
mounted within the vehicle and can 
maintain a fixed attitude in space r 

gardless of vehicle motions. 

Another problem which must b 
considered in the design of such a sy 
tem stems from the fact that an accel 
erometer does not distinguish between 
an output due to vehicle acceleration 
and the output due to the acceleration 
of gravity. The equations that have 
to be continuously computer-solved 
to take gravity into account are dé 
scribed for the case of navigation neat 
the surface of the earth (at an alti 
tude small compared with the earth’: 
radius), and a possible computer con 
figuration is described. 

The second part of this paper di: 
cusses the gyros, servos, integrators, 
computers, and other components 
that are necessary to an inertial navi 
gation system. Theoretically desirable 
and presently available component 
characteristics are discussed, especially 
for those components, such as the 
fluid immersion gvro, which have been 
undergoing development toward thi 
end 


Czech Tracer Accuracy... 


From “The Duplicating Accuracy 
of Tracer Control Systems’, by 
Jiskra Zahor. An article in “Czecho 
slovak Heavy Industry”, 1. 1955, 
pp. 35-44, published monthly by 
the Chamber of Commerce of 
Czechoslovakia. 


The resultant error of workpiece 
form in comparison with template 
form is caused by a number of factors 
I'he most important of them ar 
workpiece and tool deformations, tool 
wear, insufficient adjustment of ma 
chine and template, and inaccuracies 
caused by the tracer contro] system 
itself, 

I'his article deals only with the in 
accuracies of the copying system it 
self and with direct measurement of 
its errors. This measurement is im 
portant for adjusting and repairing 
such systems and for acceptance tests 
of copy-attachments used for existing 
machine tools. The analysis of direct 
measurement is especially important 
for development of new and more pre 
cise tracer control system: 





When making an analysis it is ad 
visable to take into account the r 
quired precision anid possibilities of 
compensating for system imaccuracics 
by changes of template or tool form 
there is a great difference (e.g.. b 
tween milling and turning 

Phe wcurat required for copy 
turning systems is higher because the 
tolerancc irc usually smaller and 
every deviation from. truc profil " 
doubled on the work diameter; b 
sick there are hardly any practical 
means for making corrections of th 
masterpiece form to compensate for 
system errors 

In milling, the tolerances are usu 
ally greater and tracer control system 
inaccuracies may be easily dealt with 
by changing the diameter of tool 
trace! 

This article includes compte! 
calculation of the accuracy of a on 
dimensional hydraulic tracer control 
svstem for steady-state condition 


. . . and Stability 


From “Stability of Hydraulic Copy 
ing-Systems”, by Jaromir Zelem 
Czechoslovak Heavy Industry’, | 
1955, pp. 40-54, English edition 
distributed in U. S. by Dolphin 
Service, 41-15 44th Street, Long I 

land City, New York 


Hydraulic copying is nowadays th 
most widespread method of reproduc 
ng mat hine parts It is an important 
means of automatization of profil 
products manufacture as it enabl 
especially in copy-turning—a consides 
able increase of productivity by com 
paratively imple device The 
demand on the copying ICCUTACc' 
constantly increase because the ipph 
cation sphere of this method for pro 
ducing machine part vith preciss 
dimensions is constantly growing 

However, this increase in the pre 
cision of hydraulic copying devices | 
limited by an important obstaclk ait 
design alterations made in order to 
increase the opying accuracy often 
lead to hydraulic self-excited vibra 
tions in the tem, 1. to dynami 
instability The aim of the Czecho 


slovak Machine-lTool Institute was to 


gain th qualitati ca vell a quant 
tative AS) for th tabiization of 
copying s' tem viii iunultancou 
preserving their precision and to d 


sign ncw pre 1s ma tab 


Simply push, then tighten! Anyone can quickly install all-new, lightweight 
Intru-lok wabe fittings ... the proven Parker 3-piece flareless design, Just in- 
sert the tube, then tighten the nut with a regular wrench ... for a leakproof, 
vibration-proof joint. Made of brass for copper or nylon tubing. Send for com- 
plete details in Catalog 4324 


introducing easy-to-use 


PARKER INTRU-LOK 


For soft plastic tubing you use knurled Weld-lok fittings, for extreme temper 
nut and expander insert with new Intru- atures, corrosion conditions machined 
lok body. Joints can be disconnected and from high-qualit teel or stainless bar 
reassembled. Complete details in Catalog stock and forging for tubing 4" 
4324. Send for it. through 2” O.D 


TUBE AND Hose FITTinGs Division 
Section 415-W 
The Parker Appliance Company * 17325 Euclid Ave., Cleveland 12, Ohio 
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.. Remote Controls 
you can... 


oe PULL 
Sa 


at lower cost 


Arens low cost 
standard controls 


— Write for Catalog 


production. We also 40 page illustrated 
engineer ‘specials ‘’ Arerns Push-Pull Re- 
mote Controls Cota 


ARE mS CONTROLS, INC. log Write for it. 


2027 Greenleaf Street + Evanston, Illinois 


MODEL 20 VISUAL MONITOR 


TRANSDUCER 
OUTPUTS 


For TEMPERATURE PRESSURE VIBRATION FLOW 
RADIATION COLORIMETRY CURRENT VOLTAGE 


Does your data problem include any of the above? Or anything similar? 
The Model 20 Visual Monitor is a completely new concept in multiple data-point indication 


Now you can observe and measure 24 separate data points, simultaneously. No Switching, 
no commutating, no time lag 


Wherever a graphic display of several quantities will facilitate measurement and control, 
the Model 20 should be considered 


Utilizing light-beam D’‘Arsonval galvanometers as the indicating elements, the Visual 
Monitor permits display of transducer output in an easy-to-interpret, graphic form 


Let us hear from you. We would like to discuss your instrumentation problems with you. 


Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 


146 CONTROL ENGINEERING 


ABSTRACTS 


Accordingly, it proceeded t 

1 systematic experimental and theo 
retical study of copying-device stabil 
iti problems On the basis of test 
of various elements as well as of com 
plete systems there has been set up a 
theory of origin of the hydraulic self 
excited vibrations in the copying sy 
tems, and the principal assumption 
ind results of this theory are dealt 
with in this article 

One-dimensional hydraulic copying 
systems have been classified according 
to the number of control-valve meter 
ing edges and according to their sym 
metricity A detailed mathematica 
elaboration of this problem has been 
carried out for the four most common 
ystems symmetrical copying ystem 
with four metering edges; symmetrical] 
copying system with two metering 
edges; unsymmetrical copying systen 
with two metering edges; and unsym 
metrical copying system with on 
metering edge. For investigating sta 
bility a great majority of current 
tems can be considered as one of the 
four examined systems and thus the 
results have  considerabl ymmon 
validity 

When working out the theory of 
the stability of hydraulic copying sy: 
tems, there were taken into account 
on the basis of measurements and test 
carried out —the following essential 
features: the compressibility of oil 
contained in the hydraulic cylinder 
the inertia and flow-resistance of oil 
in the pipes connecting the contro! 
valve with the hydraulic cylinder; th 
tracer and template elasticity and the 
iction of forces due to oil-flow through 
the control valve on the valve inertia 
mass. ‘The various assumptions ar 
carefully discussed in setting up th 
equations of basic elements of the 
symmetrical copying system ith four 
metering edgy 


Disturb and Measure 


From “Experimental Aspects of 
Rocket Stability”, by Y. C. Lee 
A. M. Pickles, and C. C. Miess« 
Aerojet-General Corp., ARS Paper 
No. 219-55 


Low-frequency oscillatory combu 
tion (up to a few hundred cps) ha 
long been a major problem for the 
designers of liquid-propellant rocket: 
and, as such, has been the object of 
many experimental programs and the 
oretical analyses. 

[he rocket system can be repre 
sented by a closed feedback loop con 





tuning time lag between the injec 
tion of the propellants and their con 
ersion to combustion 
the transmission of 
ives in. the 
the compressibility of 
been shown to have 
tability, 


the long lines in practical use 


products By 
onsidering pre 


lines 


ure W propellant 
the liquid ha 
ippre iable effect 
particularly for 


Phes« 


system 


mn tem 


line 
vf dist 


guage yt 


in be represented by a 


ibuted impedances, in the lan 
the 


inalyzed in 


electrical engineer, and 


accordance with transim 


ion line theory, in which capacitan 
ialogous to the compr 

f the fluid and the elasticity of the 
linne nductance is analogous to th 
nertan f the fluid, and 

to friction loss 
that ims 
‘veral devic« into the 


will 


ow 


sibility 


resistance 


paper show rting 


pro 

bilize tl 
stabilize the ro 
frequenci 


Instruments Measure Ire 


From “The Factor of Aggression a 
Related to the Electro¢ ncephalo 
gram’, by Margaret A. Kennard 
Dept. of Neurological Research 
lhe University of British Columbia 

I'ransactions of the Society of 
Biological Psychiatry Palmer 
llouse, Chicago, Illinois 


I lectroencephalographic theta wave 
iriations at a rate of 4 to cp 
ire found most commonly and to the 
greatest degree in individuals who ex 
hibit a low frustration level 
induced bursts of ion Or an 
ger. The author's study compared thi 
clectroencephalographi vith 
pecific p yvchological haracteristi 
is demonstrated by a series of 
entional psychological tests) of three 
1) patients in a mental ho 
inmates im a prison 
ind 1 group ot mal 
ubject In all, 19 
examined 

\ high 
found 


i high 


ind easily 


aggres 
ictivity 


con 


group 
pital olony 


mtrol’ 


no 


VCT¢ 
degree of wrelation wa 
between aggressive tendenci 
Bender-Gestalt score, and thx 
theta activity in 
range and a 13 to 
iccomp 1 
from 
groups reveal 
Gestalt scor 
ignificantly different 
haract 


ippearance of 
the 4 to 7 p 
} ing frequent) 
it \ test of 65 


TC 
' 


vave 


ubyect 


nentioned 


ioush 
that the 13 having low 
had 
clectroen ephalogr phi 
the 17 
over 100 
hibited signs of 


rreater than the 


und I 70) 
risti 
Gestalt 


orers cx 


from ubjects with 
The high 
hostility five 


low sco 


SCOTCS 


time 


lt 

Model 902 Magnetic Tape Handier treats the tape 
gently while providing a start/stop time of 5-milli- 
seconds. Fully reversible without stopping 


Model $03 Perforated Tape 
Reader provides a 5 millisecond 
start time and stops on the 
haracter at 300 characters per 
second and on the character 
following a stop code at 600 
characters per second 


The Potter Digital Magnetic Head 
eliminates ‘‘digit drop-outs” due 
to oxide collection. Phosphor 
hronze head mount provides 
close tolerances insuring com- 
plete interchangeability of tape 
from one machine to another 


ww 


headquarters for 
digital magnetic 
and perforated 
tape handlers 


Whether your data processing requirements cal! 
for perforated or magnetic tape handling, Potter 
offers a complete line of high-speed equipment to 
meet your needs for either intermittent or 
continuous playback with speeds of up to 60 inches 
per second and start/stop times of less than 
5-milliseconds! 


Servo-controlied tape drives permit fast starts and 
stops without tearing or spilling tapes. At 30 
inches/second speed, less than %” of tape is 
consumed in a start/stop cycle! 


For complete specifications on Perforated Tape 
Readers, Magnetic Tape Handlers and Digital Mag- 
netic Recording and Playback Heads, write TODAY: 


POTTER INSTRUMENT CO., INC. 


115 Cutter Mill Read 
Great Neck, New York 
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For temperatures 


to 1750°F 


Withstands overshoots 


. » 


y 


@ Maintains unusu 
ally close tempera 
ture calibration 


@ Operates at tem 
peratures up to 
1750" f 


@ Withstands over 
shoot to 2200° F 


@ High vibration 
resistance 


@ Rapid response 
time 


© Weighs only 7 oz 


® Compact design 


DESIGNERS a!) 


to 2200°F 


| haa 


SUPER HIGH TEMP 
THERMAL SWITCH 


TYPE ASA-21-2 


two-wire switches are 

especially adapted to jet 

aircraft and turbine engines. 
They withstand any degree of 
overshoot or undershoot up to 
the limit of the metal’s resistance 
to temperature rise. Features 
rugged construction, light weight. 





SPECIFY CPI... Fire Detectors, De-icing 


Switches, Heater Controls, Overheat Warn 
ings, Waterproof Switches, etc. Write for 
recommendations on your specific problems. 


CONTROL 
PRODUCTS -INC 


300-CE SUSSEX ST., HARRISON, NEW JERSEY 








oP (URERS OF SUPER HIGH! TEMPERATURE SWITCHES, DE-Ic1Ne 


SWITCHES, HeATEA CONTROLS, OVERHEAT WARNINGS AND WATERPROOr sii Lincs 
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Higgins on Transforms . 


PABLES Or INTEGRAL IR 
edited by \ Ierde 
Institute of Technolo 
91 pp. Volume II 
ished by McGraw-Hill I 
pany, [nn New York 

0: Volume I] 


prime inalytic to 
ol engineering theory 
transform; and the 
ed by the control engin 
{pla ( transform Thu 
or synthesis of the perforn 
pecified or projected 
gineer 1s continually fa 
problem of finding the Lapla 
form of a particular ti 
transformation) or of 
time-function corresponding 
ticular Laplace transform 
Ihe quickest, most eff 
do eituer 1s to ascertam 
exp ion directly fi 
priate exhaustive table 
or inverse transforms 
Unfortunately, wherea 
ive tables of definite integ: ha 
long been readily availabk uch 
not true of the tables of 
Laplace transforms which 
fore public ition of thos 
l‘or, first, those tables 
ranged for transformati 
they are much k onveni 
for the most difficult task 
than would be a secon 
table of inverse transform 
the I iplace transform ta 
known to and used b 
engineers are the auxiliai 
books on operational meth 
trol engineering: and 
of these (as in, for exampk 
known book by Gardner a1 
lists only a small fraction 
number of known transfor 
though such an auxilia 
for much routine work, thé 
inalysis in advanced resear 
ign often requires mo 
tables 
Now such tables ha 
lished. In England | 
Erdelyi; in France by cLachlan an 
Humbert; in Germany by Doetsch 
and in Russia and Czechoslovakia b 
Ditkin and Kuznecov and by | 
However, these inclusive 
I ipla e transforms are litt 
this country, and few 
ible for use 
As to Fourier tra 








STELLITE’S IN 
EROSION’S OUT 


TURN oc 


STELLITE WELDING ROD 


No Erosion Here! 


Stellite as a standard seating surface for regulators and 
control valves in steam service is a Leslie exclusive, 
Combined with a hardened stainle teel main valve, 
stellite provides the most erosion resistant combination 
known, and is available in integral and renewable seat- 
ing arrangements. 


This unbeatable combination, pioneered in the field by 
Leslie, is the product of many years’ experience and 
knowledge of proper stelliting and heat treating tech- 
niques. And with Leslie, it’s standard in a wide range 
of regulators and control valves designed to meet any 


Arrow shows location of integral temperature or pressure requirement 


stellited seating surface in Leslie 
Pump Pressure Regulator. When erosion and wear are factors to consider, it will 
pay you to call your Leslie engineer to demonstrate how, 
with Leslie equipment, “Stellite’s In Erosion’s Out”, 


Write for Bulletin 552 
“When To Use A Controller And When To Use A Regulator”. 


REGULATORS And CONTROLLERS 
LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 


ecve 


CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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American Electric 


DRIVE MOTOR 
FOR STANDARD 
NO. 2'2 
CENTRIFUGAL 
WHEEL 


Model 318A 


For Guided Missile and 
Aircraft Applications 


Built to U.S.A.F. 32590 and 41065A 


Yio hp at 7200 rpm, continuous 
duty. 115 V. 1 ph. 400 eps, In 
duction type. Ambient —65°C 
to 40°C. Class A insulation, 2” 
dia, Weighs 1 Ib 


A PURPORT enw 


MODEL 3068 TIMER CON. 
TROL SYNCHRONOUS MOTOR 
Built to MiIL-M-7969 Spec 
Develops 1/150 hp at 6000 
rom, continuous duty. 3 in 
oz. torque at full load, Weighs 
21 oz, Ambient 65°C to 
126°C. Tefion insulated 
Totally enclosed, externally 
cooled. Frame 1.750” dia 
115 V. tine to line, 
400 cps 





MODEL 341 CAMERA sows 
MOTOR. Built to U.S 

32466 and MiL-£-5272 Te 
aerial survey work, 1/35 hp 
at 7200 rpm, intermittent 
duty. 115 1 ph. 400 cps 
induction type. Weighs 25 
oz. Totally enclosed. Ambi 
ent 65°C to + 65°C. Class 
H insulation. 2.5” dia 





MODEL 226 AIRCRAFT AN- 

TEMMA SCAN DRIVE MOTOR 

Built to MIL-M-7969. 1/40 

4 at 7200 rpm, continuous 

ind 115 V. 1 ph. 400 cps 

ae te type Ambient 

} 5°C. Totally 

po AS, on ernally cooled 

Class H Insulation, 2.5” dia 
Weighs 1 ib. 10.5 oz 





MODEL 163A RADAR SPIN 
MOTOR - Pressurized against 
35 psi, 1/18 hp at 9500 rom 
min., continuous duty, 5 in 
oz. stall torque. 115 V. 1 ph 
400 cps. induction type. Am 
bient ~65°C to + 85°C 
Totally enciosed, 1.675” dia 


MANY OTHER MODELS FULLY DEVELOPED 


American Electric Miniatures are available for 

operation on 60, 400, 1600, or 2000 cps or on 

variable frequenc ies from 320 to 1000 cps 

TWO TYPES: INDUCTION Output torque range 
from Ye in. oz. to 120 in, oz 
SYNCHRONOUS (Hysteresis or Reluc 
tance Models) — Output torque range 
from Ye in, oz. to 120 in. o7 

Ask for quotations on special requirements! 


American Electric Motors, Inc 


FIELD ENGINEERING OFFICES in principal industrial areas. | 


150 CONTROL ENGINEERING 


NEW BOOKS 


sive table by G. A Campbell and 
R. M. Foster (Fourier Integrals for 
Practical Applications, D. Van N 
trand Co., New York, 1948, 177 pp 
is essentially a reissue of a 1931 paper 
by these author Thus, it does not 
contain many transform evaluated 
ince that time. Further, the notation 
does not wholly parallel that in com 
non use toda 

he various difficulties besetting 
use of the just-mentioned tables, and 
thus the corresponding gap in_ the 
analytic faculties available for con 
trol engineering, are, however, ob 
ited by recent publication of the 
two-volume set of tables under review 
In part, these tables stem from the 
materials and notes left by the lat 
Dr. Harry Bateman, longtime distin 
guished professor of mathematics at 
the California Institute of ‘Technol 
ogy; in part, they stem from variou 
other sources such as available inte 
ral table the periodical literatur 
textbook and independent evalua 
fion Ihe book wer edited 
Dr. A. Erdelvi of CI ded b 
distinguished staff of research a 
ciates and assistant he work 
financed by a grant from the Office 
Naval Research 

Ihe plenitude of the Bateman m 
terials, and the professional stature 
and experience of the major work 
Drs. A. Erdelyi, W. Magnu | 
Oberhettinger, and | lricomi 
have yielded a considerable harvest 
hus, the resulting two-volume worl 
encompasses not only ver 
tables of the Fourier and Laplace 
transforms but also exclusive tables 
of numerous other transform hese 
tables will be a most useful and much 
employed analytic tool for many year 
to conn 

The twenty 
olumes are numbered consecutivel 
Volume I embraces Chapters I to 
VII; Volume II, Chapters VIII to XX 
Fach of the first fifteen chapters is 
devoted to 


xhiaustive 


chapte rs of the 


particular type of direct 
or imverse transform, thu 1, the 
Fourer cosine, Fourier sine, exponen 
tial Fourier, Laplace, inverse Laplace, 
Mellin, inverse Mellin; II, Hankel, Y, 
K, HH, Kontorovich-Lebedev, frac 
tional, Steiltjes, and Hilbert trans 
forms. The remaining five chapters 
of the second volume list often 
used higher transcendental functions, 
grouped under the headings of or 
thogonal polynomials, gamma and re 
lated functions, Legendre functions, 











For Information and consultetion 
with our engineering stof, write to 


TRANSFORMER CO., INC. 


1709 Weirfield Street, 
Brooklyn (Ridgewood 27), New York 











ae 
Mc GRAW-HILL 
OMRECT HAN (1ST SEAWIEE 


McGraw-Hill Mailing Lists 
Will Help You 


Merchandise your advertising 
Conduct surveys 

Get inquiries ond leads 

for your salesmen 

Pin-point geographical 

or functional groups 

Sell direct 

Build up weok territories 

Aid deoler relations 


Direct Mail is a necessory supplement to 
@ well rounded Business Poper advertising 
program. 

Most progressive componies ailocote oa 
portion of their ad budgets to this second 
medium oat the some time os they concen 
trate on the best business publications. 
600,000 of the top buying infivences in 
the fields covered by the McGrow-Hill 
publicotions moke vp ovr 150 moiling 
lists Pick YOUR prospects ovt of ovr 
Industrial Direct Mail catalogue. 


Write for your free copy of our Industrial 
Direct Mail catalegue. With complete 
information 














TWO pressure switches 
for the price of ONE 
Concisely-written sections of pet 


- } t . ints 

tinent useful theory complement the At we panne , gh 

in the same pressure ‘ 

say» ‘an sateen Bagrw ~gl Model 424 actuates two independ 
the first three chapters delineates mu 


Besscl functions, and hypergeometn 
functions. 


ent electrical circuits. One may be 

tual relationships among different 

ansform ind lists some of the 
principal books on the theory and ap 
plication of Fourier transforms and 
integral 

Use is facilitated by various arti 
hices Ihe entries are arranged in 
tabular form. Each pair of entries is 
numbered, arranged in parallel col 
umns, and enclosed in a box. This 
box also contains statement of condi 
tions of validity of the transform, and 
other data pertinent to proper use of 
it 

A feature which is especially valu 
able to the contro] engineer is that 
separate tables are given for the La 
place transforms of time functions 
and for the inverse of Laplace trans 
forms. Hitherto, only the latter type 
of table has been generally available to 
him, and this has obvious inconven 
ience for use in inverting stated time 
function 

Spot-checking, certain Laplace trans 
forms that are stated incorrectly in 
some other tables are correct in these; 
ilso, certain complicated transforms 
not found in other tables are present. 

These tables should be on the 
shelves of each engineering college 
ind industrial plant library The 
ontrol engineer's personal reference 
shelf should hold Volume I, which 
ontains the tables of Fourier and of 
Laplace direct and inverse transforms 

Some of the European tables still 
contain much information and theory 
of considerable use to the control en 
gineer or teacher especially concerned 
with analysis. For example, the book 
under review do not contain tables of 
double Laplace transform \ list of 
ome of the books that do contain 
these tables will appear next month 


| 1 
‘ ‘ 


1 
) rcmnalK on cach mK 


on Analog Computers 


An INTRODUCTION TO ELECTRONK 
ANALOGUE Computers, C. A. A 
Wass, Senior Principal Scientifi 
Officer, Royal Aircraft Establish 
ment, Farnborough, England. 273 
pp. Pergamon Press, Ltd., London, 
England; McGraw-Hill Book Com 
pany, 330 W. 42 St., New York, 
N.Y. $6.50 


The ithor states that “this bool 


AC and the other DC if necessary 


Typical applications are 


in instrument air control as high-low warning, or as a lubrication 
system warning and safety shut down. If oil pressure drops below 
normal, a warning circuit is actuated and if pressure drops below the 
safe point, the machine is shut down 





WE BUILD IN 


WE DON’T USE 





EXTREME ACCURACY 


This switch is guaranteed to 
repeat within + or 1% of 
its original setting during 

its operating life 


LINKAGES & BEARINGS 


) which as they wear 
make the setting 

° of the pressure switch 
drift 





OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements 


LIQUID SWITCHING 
ELEMENTS 


which make che switch 
difficult to mount and 
very critical to vibration 





IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
of moving equipment. 





ACCORDION 
DIAPHRAGMS 


which make the 
pretture switch 
ScMsitive to Dration 





To get complete operating doto ond specifications ask for bulletins 424 


and 425. 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


Gn 
Cy 5125 Alcoa Avenue, los Angeles 58, California 


FEBRUARY 1956 





NEW BOOKS 


Ke ed A di ased on the ideas and 
y u o tT the computing group at 


Aircraft Establishment 


ha ? founding in 1945, this group 
gna Ss panded continuously: in rang 
t tivity, in strength of pet ynnel 
in the variety and number of it 
puter It now ranks among tl 
t computing group in 
| [Rite Fass ricvee Accordingly, a great scope 


Boehme Communication Filters rth Ts niet 


rt rept ttt tion on the construction, m 

pecially designed... Tt) 7 | . iy 0 Ol ind appli ito 
s for minimum “ringing” of tat f [nm 14 tronic analog computer 
etailing” (transient response ) de ine. ome diene to the author 
« for optimum results under a la seaoe ae ee areas , . +] 
dynamic conditions ; | | or naheual to hill the i : 
“Ayailable in a wide variety of t " . ll ¢ iwailable, the aim has been to pl 
types, frequency characteristics ‘ | yasic principles rather than t 
and impedance matches. CELE. detailed designs and design m 


Ihe result is a book that can 
Write for data sheets, today! with profit by anyone interest 








ilog computation 


‘here are eleven chapters. The fi 
H.O. Boehme, inc. Electronic Calculating Machine 
Designers and Manufacturers Communication Equipment oncise discussion of the major us 
Precision Electro-Mechanical Apparatus ind relative values of digital and aina 
915 Broadway + New York 10,N.Y. machines, the essential distinction 
; tween differential analyzers (for 
ing differential equations) and 
lators (for direct electric mod 
1 system) and the prim¢ 
Borg 900 Series Micropots of a linear computer—su 
: | reversing amplifiers and int 


lhe ta RAIMA ea ee a ee | Chapters 2 (Differential Anal 
° P 3 (Simple Simulators), and 4 (Simu 
in a potentiometer |  lators for Nonlinear Problem 


on the concepts and us¢ 


t 1} 


0 ba 
ind block-diagrams; detail construc 


tion and operation of omponent 
needed for nonlinear problen multi 
pliers, function generato mite 


t } ] ting 
Dependability Mechanically and etc.); and illustrate th , ’ 
’ 1 


electrically stable. Effectively ind potentialities of analyzers and 
sealed against dust and moisture simulators by block-diagrams of com 
Versatility 1 to 5 gang models, puter setups that solve 
single or double shaft, servo or Absolute Linearity Unitorm re- \ircraft control varticl og" 
‘ i { ' 
bushing mount sistance distribution. No external 


} ’ : : 
trimming required ballistics, automotive su 
Permanent Accuracy Resistance naval gunners 


element integrally molded within 
housing. Leads, taps and terminals 
firmly encapsulated, 


p oblem 


Specifications Meets extreme Chapters 5 De Am) 
commercial and military require- Computing with Pract 


ments for all applications fier and 7 (Nonlinear ¢ 


Long Life Scanning action dis 
tributes wear across face of bar 7 Availability Quick deliveries on 
contact. Rigid, fixed lead screw production quantities. 


Elements) discuss variou 

difhicul tic encountered 

tion and use of the 

ponents to obtain (n ul eration! 


Borg 1100 Series Micropots ' but) efficient 


Accurate, dependable, long-lived. Has 9 inch computation. Thn thes lapter 


ind ! yr inalog 


coded leads for easy installation. Offers your discu respective] n and 
: 
products a competitive price advantage operation of h mequ 
with empha l on 


hortcomings in pract 


WRITE FOR CATALOG BED-A158 am SN 
BORG EQUIPMENT bivision (iii fers and means of mini 
GEORGE W. BORG CORPORATION As viating ay ind the st 

JANESVILLE, WISCONSIN " of a varied! assortment 
electromechanical mult 
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the leading 
contender 

in the sensitive 
relay class! 


TKURMAN’S 
MIGHTY SERIES “T” 


Compore it and you'll know why 














oPoT Gram 
Standard Adjust.| Pressure 


12,000 ohms) 35 milliwatts | 20 min. 


Maximum Coil 


KURMAN Resistance 


SERIES “T" 





Leading 
Moke A 
Leading 
Moke 8 


8,900 40 15 





12,000 40 10 


























The latest addition to a line of miniature 
hermetically sealed sensitive relays, the new 
Kurman Series “T” is 1” x 1” x 1%” high 
and weighs only 31% ozs.—the mighty midget 
of the sensitive class. Radically different in 
design, you will find the Series “T” to be 
superior in performance — economically 
priced with excellent delivery service. 


Why not specify the Series “T” for your next 
sensitive relay application and check its per- 
formance for yourself? Detailed specifica- 
tion sheet “C” available on request. 


KURMAN ELECTRIC CO., INC. 


Quality Relays Since 1928 
35-18 37th Street, Long Island City 1, N. Y. 


SIMPLYTROL ‘om 


Cot. No. 453! 0 2500° F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperoture in furnaces, ovens 
ond processes. The Simplytrol is economical 
and reliable with few moving parts. There 
are no vacuum tubes 


is S.P.D.T 
relays to 40 Amps 


The regulor lood reloy 


5 Amps. Optional heavy duty 


10 temperature ranges cover from —75° 
3000° F. Several special ranges to —400° Ff 
“On & Off control for holding the desired 
temperature works on gos, oil or electric 
heat. Indicating meter-relay is medium higt 
resistance and has bimetal cold junction com 
pensotion. For use with all standard thermo 


couples. Accuracy 2% 

Auto-Limit switch changes 
automatic controller to imit 
safety shut down or warning 
6\/ox9\/2 inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more data 
Assembly Products, inc., Chesterland 22, Ohio 


Simplytrol from 
pyrometer for 
Cabinet: 6'/ox 


Booth 311, IRE Show, March 19-22, 
Kingsbridge Armory, New York City 


curve-followers, function-generators, 
nonlinear elements, and others 

The actual use of computers is 
covered in Chapters 8 (Using Simu- 
lators—setting up, initial 
conditions, checking effectiveness and 
wccuracy of operation); 9 (Auxiliary 
\pparatus—devices for generating im 
pulse, step, sinusoidal, and random 
input voltages; apparatus for observing 
ind recording output voltages; means 
of checking and adjusting compute: 
clements; and modes of power su 
ply); and 10 (Other Classes of Simu 
lators from the unity time 
voltage, one-action element 
machines discussed in the first nine 
chapters 


Imposing 


aside 
S¢ ale, cc 


thus, computers combining 
several elements in one unit and ca! 
rier-frequency ac computers 

\ final chapter, 11 (Some Existing 
Computers describes the essential 
construction and functioning of a few 
of the more unique British computer: 
everal repetitive-type console-size com 
puters; an intermediate-size general 
purpose computer, the GEPUS; and 
the largest computing 
Britain (some 650 high-gain ampli 
fiers!), the TRIDAC, designed to 
solve a particular class of problems in 
aircraft Excellent illustra 
tions of these computers complement 
the description in the text 

The reviewer recommends this e 
cellent little book to all control and 
computer without reserva 
tion, and to anyone else who seck 
an easily-read, __well-detailed ind 
mostly-nonmathematical 
to electronic 


machine Mn 


dynamics 


engincers 


introduction 


analog « omputers 


and on British Parley 


Report of the Conference Held at 
Margate, June, 1955. Published by 
The Institution of Production Engi 
neers, 10 Chesterfield Street, Lon 
don W1, England shillings 
($3.50) 


This volume 
ceedings of the 


OMprises the nro 
conference on “The 
Automatic Factoryv—-What Does It 
Mean?” sponsored by the Institute 
of Production Engineers at Margate 
England, during June 16-18, 1955, and 
ittended by over 1,100 registrant 
from Britain and abroad 

Three paper ere presented to the 
onterence a Kichteen spe 
vch diverse 


ialized pane 


i] 
topk is proce ontrol in the chemi 


cal and 


renning 


industric weighing 
ind mixing of raw materials: mechani 
cal engineering activitic uch as anto 
matic transfer machines in motor-cat 
factoric 


( ompute l controll d Hac hing 


... about Test | 
Instruments 


Seems to me that a really good teat 
instrument must fill two important 
requirements. First, it must give an 
engineer faster and more accurate 
results than his home rigs. And se 
ond, it should be able to test a 
variety of equipment and systems 
We produce a test instrument here 
at Servo Corp the Servoscope® 
multiple signal generator that 
pretty much meets these require 
ments 

You see, the Servoscope gives you 
faster, more accurate results because 
it's a direct method for measuring 
gain and phase shifts of any com 
ponent or system in the subsonic fre 
quency ranges. There's nothing com 
plicated about using it. Just by 
turning the big phase dial here, you 
get the phase lead or lag 

I wasn't at all surprised to learn that 
our customers are using the Servo 
scope in a wide variety of different 
applications, like: automatic flight 
control design, testing computer re 
sponse, checking vibration, testing 
frequency response of electro-hy 
draulic servosystem, simulating rate 
gyro, training, and so forth 

If you'd like some more information 
on the Servoscope, fill out your 
name and title in the space below 
Clip the section, attach it to your 
company letterhead and mail it on 


to me } 
* hi jltador 


hief Control Systems Engineer 


Electro-mechanical Control Systems 
and Components for Industry by 


—] a ase 
ote) tie). 7 Sale). | 


i * / 


Tom Westover, Dept. W-1 
Servo Corporation of America 
20-20 Jericho Tpke., New Hyde Park, 1.1 
| Please send me more information on 
Servo scope 
i Name 
Title * 
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For precision 


pressure measurement 


CHECK THESE FEATURES... 
@ fast response (4 sec. full-scale) 


© rugged, compact, portable 


@ two readouts: visual digital and electrical 


analog (10 volts f.s.) 


@ negligible temperature effect 


@ remote operation 


For speed and accuracy in 
pressure measurements, in- 
vestigate CEC’s 37-103 Elec- 
tromanometer. It equals 
manometer-tube accuracy 
(0.05% of full scale)... 
eliminates interpolation er- 
rors by reading out in direct 
numerical form. For complete 
details on this rugged indus- 
trial tool, send today for 
Bulletin CEC 1547-X11 


@ maintenance-free 

@ interchangeable pressure heads in 5, 15, 60 
and 150 psi ranges for gage, differential, or 
absolute pressures 


@ special, high-speed system with extra-high res- 
olution. Response time of 0.1 sec. full-scale. 


Consolidated Electrodynamics 


CORPORATION 


formerly Consolidated Engineering Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena, California 


Electronic Engineers 


Opportuntties Wntimtted... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in little more than a 
year the third ranking company in the digital computer field. 
The company recently moved into its new, ultra-modern, 
40,000 square foot plant—completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 
expansion of facilities can be expected in the next few years. 
This dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 
and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 
for high standards . . . send your resume to: 
R. A. Alexander, 
Personnel Director 
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tools, and automatic linkin 
electronic methods of ins; 

use of electronic comput 
work aml for management | 
economic and social cons 
iutomation; and various pha 
ministrative work) were d i 
group meeting and then summiari 
to the conference as a who 
showing, a large exhibit of 
tion’’ equipment, and oth i 


ictivity rounded out the program 
(ood summaries of most 
papers are included in pa 
of the June 24, 1955 issue of t 
ish journal, Engineering. Also 
account of the mayor activitie 
conference and remarks 
the papers wer published on 
18-20 of the September 1955 
Conrrot ENGINEERING. Beca 
or both of these account 
ivailable 1 redetailing 
particulars of the report ap 
necessary 
Rather, the reviewer would 
Qn content: that the 
ume contains the opening and closin 


is follow 
talks, the papers given, the ports of 
the discussion groups on the technical 
papers, and an account of the exhybit 
of equipment. On quality: that the 
general papers by Frank Woollard 
on the evolution and developmen! 
Mf automatic operation and by Lord 
Halsbury on the technological and 
sociological implications, factors, and 
effects of automation, as also th 
more directly-technical papers dealing 
with the topics cited above, are of uni 
formly high caliber. On topical inte 
est: that numerous phases of indust 
ire encompassed 
And in conclusion: that one int 
ested in any phase of automation wil! 
find both much of direct value in the 
proceedings and striking evidence ot 
the rapid advance of automation 
modern British industry 
Thomas ]. Higgin 
Professor of Electrical Engineering 
University of Wisconsin 


wwar’s aneAaD: MEETINGS 


JANUARY 


National Simulation Conference, In 
stitute of Radio Engineers, Dalla 
Fort Worth Chapter (Professional 
Group on Electronic Computers 
Hotel Baker, Dallas, Texa 

Jan 19-2] 





American Institute of Electrical En 
gineers, Winter General Meeting MARCH HASLER 
Statler Hotel, New York Institute of Radio Engineers, Nationa 
Jan Convention, Kingsbridg« Armor SPEED INDICATOR 
ind Waldorf-Astoria Hotel, New 
York Mar. 19-2 CHRONOMETRIC TACHOMETER WITH 


FEBRUARY SEPARATE RESET BUTTON FOR 


; CUMULATIVE READINGS 
Western Joint Computer Conference American Society of Mechanical Kn 


and Exhibit, American Institute of gineers, Instruments and Regulator 
Electrical Engineers. Institute of Div., Second Divisional Conference 
Radio | ngineers, Association fo Princeton Universit Princet 
Computing Machinery, Fairmont N. J Ma f 


Hotel. San Francises lel 


Instrument Society of America, ( APRIL 


ference nm Instrumentatv Special Technical Conterence on Mag 
Control of Industrial Nucleas ( netic Amplifiers, ponsored by 
cs, Hotel Statler, New Yor) American = Institute f Electrical 
Feb. 9 engineer Institute of Radio En 
meer Instrument Socicts ACCURATE # AUTOMATIC « 
Institute of Radio Engineers, bighth America, Hotel Syracuse, Svi SUBASLE © NON MASIETES : 


SIZE, SPINDLE INCL., 294" = Ye’ x 4 
Annual Southwestern Conference N.Y \p WEIGHT. READY FOR TEST. 724 OF 


ind Electronics Show Municipa TYPE A O0~—20 RP 
Auditorium, Oklahoma City, Okla American Institute of Electrical Kn or O— 6,000 FP 
hel | gineers, Conference on Recording TYPE B O— 2,000 RP 

or O 600 FP 


Shipment within 5 days from stock 


000 


md Controlling Instruments, Brad 
Louisiana State University, 1956 Con ford Hotel, Boston Ap f 
ference on High-Speed Compute 


Baton Rouge, La Pe S547" ny HASLER-TEL COMPANY 


DEPT. T 
32 VESEY STREET, NEW YORK 7, N.Y 


U. §. Distributor tor Hasler 
Speed Indicators Since 1919 


All instrumcats serviced by 


Institute of Radio Engineers, Conte American Society tor Testing Mat 
ence on Transistor Circuits, Uni rials, Fourth Conference on Ma 
ersity of Pennsvivania, Philadel Spectrometry Netherland Plaza 
phia Keb. 16-17 Hotel, Cincinnati, Ohio Ma 7 





Advanced DIGITAL TELEMETRY SYSTEM 


FOR COMPLETE DATA COLLECTION, 
PROCESSING AND REDUCTION 


iustroted is ao “4x 16" 
Matrix, employing 64 
Germanium Diodes 

for converting Binary 
Digital dete to corres- 


ponding ona levels 
in Rediotion, Inc.'s 


“Quick-Look” Recording 
System 


The “Quick-Look”’ 
System provides the test 
engineer with an in- 
stontaneous visual record 
from which he may 
select pertinent dote 
for subsequent reduction 
by meons of o high 
speed Digitol Computer 


The “Quick-Look”’ 
Recording System com- 
prises just one small 
portion of Radiction 
Ine 's advanced high 
speed, high capacity Dig- 
ital Telemetry system 


RADIATION Inc. “227% 


Electronics . Avionics . instrumentation 





Personnel Inquiries Invited 
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CONTROL 


can you qualify for 


Rocket Engineering ? 


careers are being born right now at Rocketdyne* 


It may surprise you to know you can do this 
with or without specific rocket engine experi- 
ence! Engineering experience in heating and 
ventilating, hydraulics, pumps, turbines, 
combustion devices, controls and engine 
instrumentation are just a few of the related 
fields that could open your future at 
ROCKETDYNE. 


At its new Canoga Park headquarters, 
ROCKETDYNE is continuing and expanding 
its pioneering work in the design, develop- 
ment and manufacturing phases of the rocket 
engine business. And at its test laboratory, 
ROcCKETDYNE has complete research and test 
operations. RoCKETDYNE thus offers oppor- 
tunities in the complete range of rocket 
engine development from preliminary design 
to field testing. 


ROcKETDYNE not only offers the advan 
tages of a constantly growing and expand- 
ing company, but also the stability that 
comes from its broad range and volume of 
projects... the stability of rocket engine con- 
tracts with all branches of the Armed Serv- 
ices and the guided missile industry. Though 
it is currently emphasizing the production 


of the most powerful large liquid-propellant 
rocket engines in the Western World, Rock- 
ETDYNE is also designing, building, and test 
ing many other types and sizes. For the 
future, it is carrying on research for even 
more powerful and startling rocket engines 


So this is your big opportunity to build a 
career that really has a future. A well-paid 
career that assures prestige, stability, and 
selectivity of fascinating work. If you feel 
you can qualify, you owe it to yourself to 
contact ROCKETDYNE today. 


*RockKeTpYNE is North American’s rocket 
engine division. It has just moved into new 
ultra-modern headquarters in Canoga Park, 
located in the beautiful West San Fernando 
Valley of Los Angeles. This area is famous 
for its fine residential sections, modern 
shopping-center convenience, varied recrea 
tional and entertainment facilities. Any 
point in the San Fernando Valley is just 
minutes drive from the beaches, and the 
weather is pleasant all year ’round. Many 
engineers are interested in advance school 
ing offered by UCLA, only 4% hour drive 
from our laboratory. 


THESE POSITIONS NOW OPEN AT ROCKETDYNE: 


DESIGN & DEVELOPMENT ENGINEERS 
Mechanical, Chemical, Electrical, Stand- 
ards, Structural and Stress. For rocket 
engine systems design or development. 
‘Turbine, pump, controls and combustion 
device experience preferred. 

DYNAMICS ENGINEERS 
To analyze rocket engine control systems 
utilizing electronic analog and digital 
computers, B.S., M.E., or B.S.E.E. neces- 
sary. Prefer advanced degree. Experience 
in servomechanisms, systems analysis 
desired. 


COMPUTER APPLICATION ENGINEER 
Application of automatic computers to 


Write Mr. Grant Baldwin, Rocketdyne En- 
gineering Personnel, Dept. 596-Con, 6633 
Canoga Ave., Canoga Park, California. 


investigate new methods of numerical 
analysis. 

TEST ENGINEERS 
Experienced on engine systems, combus 
tion devices, turbines, pumps and engine 
instrumentation. 

EQUIPMENT DESIGN ENGINEERS 
Electrical, mechanical, structural, indus 
trial. For design of facilities, specialized 
test, and handling equipment. 


WEIGHT ENGINEERS 

ELECTRONICS TECHNICIANS 
SPECIFICATIONS ENGINEERS 
ENGINEERING DRAWING CHECKERS 


ROCKETDYNE 


A DIVISION OF NORTH AMERICAN AVIATION. INC 








EMPLOYMENT OPPORTUNITIES DISPLAYED —RATES— UNDISPLAYED 


The advertising rate is $17.80 per inch for 
all advertising appearing on other then a 


The Advertisements in this section include all employment contract basis. Contract rates quoted on 


request 


opportunities — executive, management, technical, selling, An edverticing inch is measured %” ver 
NATION office, skilled, manual, etc. aoe ony a ‘ 40 
Subject to Agency rt eslion 
Positions Vacont Selling Opportunities Offered $1.80 per line, minimum 3% lines. To figure 
Positions Wanted . mivance payment count 5 average words 
Port T Work Employment Agencies as @ line, 
ore Vane - Box Numbers ounts as line 


Civil Service Opportunities Employment Services Dieeeund of £00, Mf full payment te made te 
Selling Opportunities Wanted Labor Bureaus advance for ¢ secutive Insertions 


Not subject to Agency Commission 





Send NEW ADS to CONTROL ENGINEERING, 330 W. 42nd St... N. ¥. 36, N. ¥., for March issue closing January Slat 














ME EE or Al UNUSUAL CREATIVE FREEDOM 


DESIGN TURBINE TYPE © PAP Wile) mit 4-V aa. 
ENGINE CONTROLS at Bendix LABORATORIES DIV. 


Nuclear Propelled Aircraft 


The next ate step Soeward, in 
lati i : on, Now 

the process “ot evelopment “at @ The center of advanced COMPUTER ENGINEERS 

thi company located in the . " 

this ma) oe this field offers development ac tivities for the _Development of special purpose 

great possibilities for individual Bendix Aviation Corporation digital and analog computers for 


achievement n both the profes - as . 
sional and personal levels. offering excellent opportunities process and business applications. 


J yedeo coputonce to sitermat one in design, research and devel- — sjcROWAVE SPECIALISTS 
trol or accessory systems design opment. Research ond development in od- 
and application, and involves the 


design of turbine type engine con SYSTEMS ENGINEERS vanced microwove techniques. 


trols, Both creative and analytical T di 4 ; 

ability are desirable. © coor inate on supervise o MECHANICAL ENGINEERS 

Address replies ¢ group of engineers and mothemati- 

».0088 Cont : A : : Develop mechanical and hydraulic 

58, Control Engineering cions in systems analysis and design. 

0 N. Michigan Ave components for servo controls. Sys- 

Chicago 11, 1 MATHEMATICIANS tems engineering and dynamic analy- 

Evaluation of servo control and sis of numerically controlled machine 
guidance systems and components of tools. 


ASST. TO VICE PRESIDENT OF : 
RESEARCH & DEVELOPMENT nile. ot eae —— © Stoff will porticipate in the initial 


oordinate and program long rang “ exploration of new fields and the 
ne ie, ee MACHINE DESIGNERS development of new commercial 
engineer. } 1,.000- 10,006 . A products. 
pays fee and relocation expense Design of automatic machine tools, 
MONARCH PERSONNEL machine tool hydraulic servos, and All replies confidential ~ 
©. cee Se wanes 'S, digitally controlled tools. 























send brief rewme to 
CONTROLS ENGINEERS DIRECTOR OF PERSONNEL 
REPLIES (Box No.): Address to office nearest you Analyse and synthesize control BENDIX AVIATION CORPORATION 
VEW YORK: 830 W. 42nd Bt. (36) system and design, develop and RESEARCH LABORATORIES DIVISION 


Tena teeta tasted ak bas, package such systems. 4855 Fourth Avenue © Detroit 1, Mich. 
4N FRANCISCO: 68 Poat St. (4) 


LOS ANGELES: 1125 W. 6th st 





POSITIONS WANTED 





instrument Engineer—10 years chemical and 
pharmaceutical plant experience wishes to re 


locate in Northern N, J > 8217 ‘ontro 
nanos : ts : , | ELECTRICAL Hk ELECTRONICS ENGINEER 
Cates Engineer pet ae engineer with suc- 
cessful record in sales of electronic system 


(Income $15,000) seeks association for 
greater potential PW-8732, Control Ene 


neering 0-5 years experience plus degree, creative ability in 
Engineer Optics for design, computation and automatic controls work. We offer singular opportu- 


analysis o ptical systems. Experience 
years industry and six years research. Write 


PW-8828, Control Engineering nity to acquire breadth and scope of electronics-elec- 
Instrument Engineering Expert, nationally trical instrumentation experience in a Massachusetts 


known Seeking top-level position applying 
my heavy supervisory background in indua- . . . . ete 

trial instrumentation and process control chemical plant in midst of multi-million dollar expan- 
with both users and manufacturers, including 

research and development, ap poor atic sales 


ee Se Oe ee a sion program. Please send resume and salary require- 
Control Engineering 
ments to 


Personne! Managers—Need experienced En- 
gineers and Technicians We offer a booklet 

especially prepared to help ou solve thi 
problem Write for your free copy of 
‘Reservoir of Engineers and Technical Mer 
Transmitter Dept Control Engineering 

W. 42 St.. New York 36 
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SIMULATION 
ENGINEERING 


To conduct system studies on 
ROCKETS, MISSILES, and HIGH 
SPEED AIRCRAFT using the lat 
est high speed digital computers 
and the most up-to-date analoc 
computers 
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¢ High Speed Digital Logic 
© Automatic Control Theory 


© Analog Computation 
Techniques 
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BALTIMORE 3, MARYLAND 





An employment advertisement in this 
EMPLOYMENT OPPORTUNITIES section 
will help you find the engineers you need. 
It’s an inexpensive, time saving method 
of selecting competent personnel for every 
engineering job in the contro! engineer- 
ing field. 


M. E. or E. E. 


DIGITAL 
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ENGINEERING 





DU PONT 


now has 
available 


one career position of 
major responsibility 


IN AUTOMATIC PROCESS 
CONTROL ENGINEERING 


Our Engineering Service Division 
has immediately available a chal- 
lenging position for a graduate 
chemical, electrical or mechanical 
engineer experienced in research, 
application, consulting, or design 
of automatic controls for chemical, 
mechanical or acronautical appli- 
cations. 


Successful applicant will provide 
consulting advice to operating 
plants and development labora- 
tories on the application of auto- 
matic control to new processes and 
for the improvement of existing 
processes. Position will require the 
study of process controlability by 
analysis of open and closed loops 
and the measurement of control 
characteristics of instrument com- 
ponents, 


aU PON 


Better Things for Better Living 
++ through Chemistry 
Please send complete resume, 


including details of education 
and experience, to: 





Mr. J. C. Costello, ir. 


Engineering Department 


E. | du Pont de Nemours & Co., Inc. 


Wilmington 98, 
Delaware 


EMPLOYMENT OPPORTUNITIES 


as: : | 
If you are interested in guided missiles this hook will interest you. 
Here is one of the most complete guides to job opportunities in the guided missile 
field yet published. In this book, you will find not only a complete outline of the 
objectives and accomplishments of the Bendix Guided Mi Section, but also a 
detailed background of the functions of the various engineerit ups such a 
tem analysis, guidance, telemetering, steering intelligence, component evaluation, 
missile testing, environmental te ting, test equipment de ign, reliabilit propul ion, 
and other important engineering operations. Send for your free copy today 


3 challenging opportunities 


in the newest and fastest growing 


branch of the aviation industry 


are now open! 


Bendix job opportunities in guided missiles range from top senior engineers 
to assistant engineers, junior engineers, technicians, and a score of other 
assignments. 

Qualified men are given real job responsibility with Bendix and grow 
with the development of what is not only the nation’s most important weapon 
system, but a project that will undoubtedly lead to new and important long- 
range commercial applications. 

And at Bendix you will be associated with top missile authorities and 
have at your command unexcelled engineering and manufacturing facilities. 

If you are interested in a future in guided missiles, the first step is to fill 
out the coupon and mail it to us today. 


Missile Section, Employment 
Department N 
Bendix Products Division, 
Bendix Aviation Corporation Address 
401 North Bendix Drive, 
South Bend, Indiana City 
Please send me a copy 
of the book “Your Future State 
in Guided Missiles.’ 
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ae 
ENGINEERS 


Electronic Mechanical ELECTRICAL ENGINEER 


SERVOMECHANISMS 


The field of servomechanisms 
ind associated components s 
treated as an art at General 
Electric's Naval Ordnance De 
, partment. Original contributions 
: } sig f tex cally advanced 
we seek men n design of technically a 
Carrenil) ince im one OF A g Wi E LPA Lad : ystems are welcomed, and worh 
poet of the following: Paed here provides excellent yportu 
o Network Theory More and more these days you hear top engineers talk about the ‘ Pee MP0 = re 4 ~ ~ i 
| § levelopments ni 
e Systems Evaluations many growth opportunities at Melpar. With an increasing ie I , 
« Microwave Technique number of significant electronic projects, an enlarged staff lan ‘ 
HF, VHF, oF 
hee SHF Receivers 
o Analog Computers 
¢ Magnetic Tape Handling 


roorm to... 


position is now o 
and facilities, Melpar provides many opportunities for 4 pecialist in the app 
professional growth and advancement. Our new laboratory vit design of servos who hi 
is an engineer's dream come true; a building conceived < ke tive approach, at leas 
by and constructed for the ENGINEER — 265,000 : experience plus additional 
° = sq. ft. of complete engineering facilities " and the ability to make 
* 


in engineering decisior b 
eee tg peer eee We are located in Fairfax County of northern Virginia where : high degree of techn 
« Packaging 


lopment housing is reasonable and plentiful—whether you desire 4 enc) 
PR — Creuliry a private home or an apartment. Although we are in a truly 
. wilerowove Filters suburban atmosphere, we are only 10 miles from the An Electrical Engineer with | ¢ 
Flight Simulators nation’s capital with all its recreational and social Kg “ avs nn st 4 pr also 
« Servomechanisms advantages, Here you and your family can grow in an aes wn ae! -_— Ag ; me copa 
Sgt yroduct 
. Subminiaturization environment to match your professional growth ment im the Rela of produ 
Mechanical ; evaluation. He will prepare 
« Electro- , . = |} specifications for complex electro 
Design Send resume to Technica! Personne! Representative, 
\) Mechanisms Bac, mechanical and electronic equip 
© Quality Control and EF Genii pr —, ae - y 
En ineers me rs | n ualily control, and tu working 
veo ’ fs tA Ce range, from design of test equif 
: oes A subsidiary of the Westinghouse Air Brake Co ment to actual testing. 


3000 Arlington Bivd., Dept.c-18 Falls Church, Va. In addition to professional a 
11 Galen Street, Watertown, Mass. * 99 First $7., Cambridge, Mass. antages, engineers qualifying 


or these jobs will enjoy one 
the most comprehensive benefit 
plans in industry, and comfort 
ible living in the Berks} 
nountain vacation area 














ENGINEER: 
ELECTRICAL CONTROL SYSTEMS Sadsen dcadnete 


Naval Ordnance Dept 
For 


NUCLEAR PROPULSION PLANT GENERAL @D ELECTRIC 


100 Plastics Ave., 
Pittsfield, Mass 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
] 


ry The pioneer in atomic power has a challenging open- 
ing for an engineer with a minimum of four years 
experience, preferably in transient analysis of elec- 


trical circuits and/or servomechanisms. METER LINE SUPERVISORS 


We prefer a man who has had some supervisory We need skilled people to train to 


manufacture contact meter-relays 
experience or who possesses definite management You will train in one of the meter 

. production lines and then take over 
potential. the supervision of part of our pro 
duction. 





Salary open, depending on education and experi- If you have experience in running a 
ence. Degree and U. S. Citizenship are required. production line making small, intri- 


to 5 ss A cate devices, please call collect John 
Pleasant suburban living in Western Pennsylvania. Saint-Amour, Cleveland, Ohio HAm 
iiton 3-4436, or write to Assembly 


Products, Inc., Chesteriand, Ohle 








Send resume to: 


MR, A, M, JOHNSTON INSTRUMENT ENGINEER 
WESTINGHOUSE BETTIS PLANT yo hf oy - 


experience in electronic and pneumat 


P. Oo. Box 1468, Dept. ECS tation. Experience should be | 


yw chemical plant operation 








Submit resume and salary requirer 


Pittsburgh 30, Pennsylvania BREA CHEMICALS, INC 
P.O. Box 128, Brea, California 


All inquiries will be kept in confidence 
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WHAT IS 
YOUR 
PROBLEM? 


PERSONNEL? 


Do you need competent 
men for your staff? Do you 
need men to fill executive, 
sales or technical positions? 


EMPLOYMENT? 


Are you one of the readers 
of CONTROL ENGINEER- 
ING seeking employment 
in any of the above capac- 
ities? 


BUSINESS 
OPPORTUNITIES? 


Are you looking for or of- 
fering a business opportun- 
ity of special interest to 
men in the field served by 
this publication? 


EQUIPMENT? 


Do you need equipment— 
Used or Surplus new? Do 
you have any to offer? 


Read the”“CONTROL TRANS- 
MITTER” section, and the 
“Employment Opportunities” 
Section found in every issue 
of CONTROL ENGINEERING, 
for the solution of these prob- 
lems. Or bring your prob- 
lem directly to the attention 
of other readers. You can get 
their attention— and action 
—at a relatively low cost by 
placing your ad in 


CONTROL 
ENGINEERING 





330 West 42nd St., N. Y. 36 








EMPLOYMENT OPPORTUNITIES 


smart move 


There are three jobs for every two engineers in thi 
country. It’s an engineer’s dream... and therein lies a 
danger. 

For this simply means that it’s easier than ever be 
fore to make a mistake in the company and the job yo 
choose. 

If you're wise, you'll realize that the move you mak« 
now is possibly the most important in your busine 
life. Hence, you'd do well to look closely into the man 
agement of any company you're considering. Then take 
a careful look at the future of the job you're offered 

It might be a smart move to look closely at the Martin 
story—for it’s the story of the youngest and most 
dynamic engineering management group in the aircraft 
industry today. 

Contact your placement officer or J. M. Hollyday 
Dept. C-2, The Martin Company, Baltimore 3, Maryland 


Pe j$§ ae 
M4 £4 FET 8 Pa 
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Immediate openings in Oster’s expanding 


avionic division 


@system engineers... tor development of airborne electro- mechanical 
systems. Includes indicators, servo-mechanism devices, transistorized 
amplifiers and computers. Experience with serves utilizing electrical and 
electro-mechanical components desirable. 


epraject 


.. experienced in design of MiL-type synchros, 


resolvers, motor generators, gyros, and electro-mechanical actuators. 


@ designers . .. experienced in electronic and electro-mechanical packag- 
ing of flight instruments utilizing sub-miniature components and tech- 
niques associated with servos, amplifiers and gear trains. 


Top income... excellent advancement opportunities . . . complete facilities 
. interesting creative work on advanced design in control problems of 


jet aircraft systems. 


Enjoy a permanent position. Oster is a recognized industry leader, but not 
80 big that you get lost. Make your home in friéndly Racine ...on the shores 
of beautiful Lake Michigan... % hour from Milwaukee, 1 hour from Chicago 
... convenient to Wisconsin's famous North Woods resorts. 

You are invited to send details of your background to our Director of 
Research and Special Products preliminary to confidential interview. 


peo 


MANUFACTURING CO. 
avionic division 


RACINE, WISCONSIN 
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PERSONNEL MANAGERS 





LOOKING FOR ENGINEERS... 
..» TECHNICIANS ? 


Write for free copy of 


“RESERVOIR OF ENGINEERS 
AND TECHNICAL MEN” 


The engineers and technicians you want 
to reach are gathered in convenient, com- 
pact groups as this 12-page booklet 
points out. 


It keys the job titles these men hold to 
the McGraw-Hill publications they read for 
on-the-job information. It explains how you 


. channel, concentrate 
your employment advertising to just the 
men with the job qualifications you want 


can make contact. . 


. without wasting advertising money for | 


higher-priced space in publications with 
general circulation, in which you pay for 
perhaps 999 unqualified readers for every 
1 who may meet your job requirements. 


Write for your free copy to: Classified Advertising Division 


McGRAW-HILL PUBLISHING COMPANY, INC. 


330 W. 42ND St. 


NEW YORK 36, N. Y. 


| 


| 


| 
| 





@ line 


basis 





CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING 
SALES @ BUSINESS 
EQUIPMENT (Used or Resole 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising 
$1.80 per line, minimum 3 lire To 
advance payment count 5 averc 


figure 
@ words to 


DISPLAYED RAT 
The advertising rate is $17.80 per 
advertising appearing on other the 
Contract rates quoted 








MINIATURE AIRCRAFT * 
TELEPHONE TYPE 


* HERMETICALLY 


SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN * 
ALLIED * SIGMA * LEACH ond many others 








t LARGEST STOCK OF RELAYS IN THE WORLD 


PRODUCTION QUANTITIES IN STOCK 
Send for our latest bulletin C 


4 324 CANAL ST.N.Y.C. 13, N.Y. WAlker 5-9642 
NiVErSdl general corp. 





Nearest you 


ATLANTA, 3 
1321 Rhodes 
Haverty Bldg. 
WAlnut 5778 


S. HENRY 


BOSTON, 16 

350 Park Square 
HUbbard 2.7160 
P. McPHERSON 


CHICAGO, 11 


520 No. Michigan 
Ave. 


MOhawk 4.5800 
W. HIGGENS 


CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
Cc. J. LOUGHLIN 


DALLAS, 2 
Adolphus Tower 
Main & Akard Sts. 
]. CASH 


DETROIT, 26 


WOodward 2.1793 
L. SEEGAR 





FOR RATES 
OR INFORMATION 


About Classified Advertising 


Contact The McGraw-Hill Office 


856 Penobscot Bldg. 


LOS ANGELES, 17 
1125 W. 6 St. 
MAdison 6-935! 
C. JONES 


NEW YORK, 36 
330 West 42 St 
LOngacre 4-3000 
R. LAWLESS 

W. SULLIVAN 
D. COSTER 


PHILADELPHIA, 3 
17th & Sansom St 
Rittenhouse 6.0670 
H. BOZARTH 

E. MINGLE 


PITTSBURGH, 22 
919 Oliver Bldg. 
ATiantic 1-4707 

Cc. J. LOUGHLIN 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
W. HIGGENS 


SAN FRANCISCO, 4 
68 Post St. 
DO~qlas 2-4600 

T. CARMODY 
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PROFESSIONAL 
SERVICES 








® Research 
© Testing 
® Design 
~ ai ® Patents 


J 





SQ) 


Instrumentation 
Control Systems 
Economic Studies 
Management 








GEORGE P. ADAIR ENGINEERING CO 
Consulting Engineers 
Electronic Controls Electronic Processing 
Telemetering Communications Microwave 
Television Design Development Researc? 
Application 
Eye Street, N. W Washington 4 
EXecutive 3-1230 








JOSEPH C. ADAMS 


Mechanical design, compatible with system char 
acteristics Adjustment of syste haracteristic to 
ptima Improvement of ystem characteristics 
through equalizers 
Electro mechanical transducers 
Linearization Analysis by root loci 
Synthesis by paarmeter adjustment Network syn 
thesis Experimental procedures in transient testing 
Development planning——Data interpretation in theory 
178 Hicks Street—Brookiyn—New York 


Power devices 











SVERDRUP & PARCEL, INC. 


Consulting Enginees 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy chem 
ieal plants petroleum refineries steel 
plants test facilities and other process 
industries 

| 


915 Olive Street St. Louls |, Missouri 


WALSH ENGINEERING CO. 
Design and Prototypes 
of Electronic Apparatus 
which Transformers and Magnetic Components 
are especially important factors in Performance 
Size, Weight and/or Cost 
14 DeHart Place 


Elizabeth, NJ 
Elizabeth 2.7600 


HANSON-GORRIL-BRIAN INC. 
Specialized Control System 


ELECTRICAL - ELECTRONI( 
HYDRAULIC - MECHANICAL 

fine Continental Hill 
Glen Cove 4.7300 


Gien Cove, N.Y 











Attention 


CONSULTING ENGINEERS 


As you already know, the field of Control En 
gineering is growing by leaps ond bounds 
throughout all industries. What you might not 
know is that mony, many companies have 
actually scheduled big programs in instru 
mentation and automatic control for 1956 
Many of these firms, out of necessity, will 
have to snlist the aid of a Consulting Engi 
neer to solve problems that will arise result 
ing from this changeover 


By offering your specialized services 
a @ professional card in this ‘Profes 
sional Services Section’ of Control Engineer 
ing you will attract new clients. Cards ore 
set in standard size and style as shown 
above. The rates for this service are ex 
tremely low. $45. * quorter on a six 
month bosis—ond $49.20 per quarter on oa 
twelve month bosis. Bills are rendered each 
calendar quarter. Cash discount 2%-10th of 
the month following date of invoice. Send 
us your order for the next issue now 








EMPLOYMENT OPPORTUNITIES 


This might well be 


the most important letter ould. ever write 


... because it could open the door to a 


lifetime job in a wonderful company 


If you're an Electrical Engineer, with a 
high degree of skill and imagination in 
any of the twenty-odd fields listed right, 
we believe we can offer you the most 
promising opportunity in America 

Since 1940, Stromberg-Carlson’s vol- 
ume has increased sixteen times. In 1955, 
we became a division of the headline- 
making General Dynamics Corporation, 
Our future is as unlimited as humans can 
promise themselves—and you could well 
grow with us. 

We are not looking for job-hoppers 
but for men now stymied either by the 
limitations of a litthe company or the 
complexity of a giant. In any of the job 
classifications listed here, youll find sat- 
isfaction and opportunity 

And you'll like Rochester—well-known 
for its grand schools, handsome residen- 
tial sections and wide entertainment, va- 
cation and cultural facilities. This firm’s 
employee relations (including a liberal 
bonus plan) make it one of the state's 


preferred industries. 


l ot ' 
Write today—for an assured tomorrow! 





ba 


Audio Amplifiers 
Auto Radio 
Automation Research 
Carrier, Wire-Line 
Countermeasures 
Data Processing 
Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 


Laboratory and Test 
Engineering 


Loudspeaker 
Magnetic Tape Recorders 


c 


Microwave, communication 
Navigational Systems 

Radar 

Telephone Switching Technique 
Transistor Engineering 

Voice communication 
Writers—Bid Proposal 
Writers—Technical 


Send your letter to Director of Technical Personnel 


STROM 


S ENE RAL 


OvNnAaAwnw 


BERC-CARLSON COMPANY SC 


cs RPORATION Ath 


Rochester 3, N. Y. 


FEBRUARY 
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AUTOMATIC ELECTRONIC 


DECADE SCALER 
AND TIMER 


for optimum speed 
and accuracy 








Model N-530A 
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TL. WEW 


Over two years ago TIC’s design engineers under- 


took a supposedly impossible project — design of 
an ultra-precision potentiometer adaptable to mass 
production. Old techniques and designs were dis- 
carded . . . new methods and concepts were pi 
oneered advanced production methods were 
developed. And the result, the all-new 10-turn 
M10T with unmatched electrical accuracy and 
mechanical precision 


Custom design for precision computer,” servo- 
mechanisms and electro-mechanical instrumenta- 
tion service, the wound coil, multiturn M10T 
srovides the extreme electrical accuracy and sta- 
Citity required by these systems. Winding tech- 
niques, specially developed for the M10T, make 
possible linearities of 0.025% and lower Special 
resistance wire permits a+1&% accuracy of total 
resistance . . . high temperature stability with a 
0.002% per degree C temperature coefficient of 
resistance. Wide temperature range (—55°C to 
+85°C) .. . high dielectric strength . . . low 
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” MANUFACTURER OF. hal 
| THE WORLD'S FINEST 
f: POTENTIOMETERS 
; * 


PIONEER OF 
| PRECISION WIRE-WOUND 


. 


| FOREMOST IN THE 
DEVELOPMENT OF 
NEW DESIGNS 
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M107 


equivalent noise resistance 
resistance are other MI0T 
maximum electrical performance 


and high leakage 


features in-built for 


Extremely precise mechanical tolerances shaft 
diameter, concentricity, and perpendicularity as 
sure complete transfer of MIOT ac 


ternal system 


uracy to ex 
Universal mounting surface offers 
choice of servo or were pilot and tapped-hole 
mounting. Spring loaded, stainless steel ball bear 
ings eliminate radial and end play of the shaft 


reduce running torque to 1.0 oz.-in 


New design concept places all functional parts of 
MI10T in a one piece unit Stainless steel 
bonded to the one prec base provide s 
environmental protection 


covert 
complete 
are all 


External surfaces 


corrosion-resistant stainless steel or anodized 
aluminum. The M10T has been thor 


to pertinent military specifications 


yughly tested 


Complete specifications on the new TIC 
Type M10T are available upon request. 


TECHNOLOGY INSTRUMENT CORP. 





PRESSURE 


PRESSURE 
= INDICATING 
from & CONTROLLERS 


Fischer & Porter now proudly offers 

a complete line of pressure instruments 

for one week shipment from stock. These 
accurate pressure instruments may be 
used to measure vacuum pressure or gauge 
pressure from absolute zero to 1,000 psig. 


INDICATING 


; PRESSURE 
rhe pressure elements are available in TRANSMITTERS 


brass, 316 stainless steel, phosphor bronze and 
beryllium copper. Guaranteed accuracy of 

all instruments is 1‘ of full scale, with 
positive over-range and under-range protection 
built into each instrument. Recorders, 
recording controllers, indicators, indicating 
controllers and pneumatic transmitters are 
available for one week shipment. 


But why wait until an emergency demands 
fast delivery? Why not get to know the entire 





F&P instrument line better, now? A word 
from you will bring completely detailed 
information without obligation. 
RECORDING 
Fischer & Porter is in the instrument business CONTROLLERS 
to assist you. Doing it expertly and well 
has helped F&P grow. Get to know 
F&P better, call on F&P for a single 
instrument or a complete process 
instrumentation system. 


Fp riscHER & PORTER CO.” 


726 COUNTY LINE ROAD, HATBORO, PENNA. 





PRESSURE 
RECORDERS 





